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PEEFACE 

\ 

THIS book is intended primarily for students of Botany Such a 
student's knowledge of plant products is usually obtained, on the 
one hand, from Organic Chemistry on the other hand, from Plant 
Physiology /between these two standpoints there is a gap, which, it Is 
hoped, the following pages may help to fill !t is essentially a text-book ' 
lor practical work, an aspect of Plant Biochemistry which has received up 
to the present time veiy little consideration m teaching A number of 
experiments have been devised and have been actually tended in puicdic.il 
classes Those experimends should enable a student to extracd from the 
plant ] dself dhe chemical compounds of which it is constituted, and to learn 
something of their properties An elementary knowledge of Oigame 
Chemistry on the part of the student has been assumed, as it appeared 
superfluous to incorporate the material which has aheady been so amply 
presented in innumerable text-books 

My smcerest thanks are due do Dr F. F Blackmail, F R.iS , for criticism 
and many suggestions thumghout the writing of the book I am fuithoi 
indebted to Mr li Raistrick, M.A , for help in various ways, especially in 
reading the proof-sheets I wish, in addition, do expiess my graditudo to 
Professor F. G. Hopkins, F.R S , for the great interest he has always shown 
in the subject and for his kind and stimulating ndvire in connexion widh 
the scheme of teaching presented in the following pages 
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CHAPTER 1 

INTRODUCTION 
This chapter .should be re-road after the remaining chapters have boon studied 

ALL plants aie made up of a complex organized mixture of chemical 
substances, both organic and inorganic As a preliminary to the study 
of plant chemistry, the student should realize that the chemical 
compounds which make up the living plant may bo approximately 
grouped into the foui following classes Thus, in later chapters, when 
reference is made to any plant product, it will be understood, broadly 
speaking, to which class it belongs, and what relationship it bears to 
other chemical compounds 

The mam classes may be enumerated as follows * 

(1) Carbohydrates These contain only carbon, hydrogen and oxygen 
The simplest members are the sugars, which arc aldehydes and 
ketones of polyhydric alcohols of the methane series of hydrocarbons. 
The more complex carbohydrates, such as starch, cellulose, dextrins, 
gums and mucilages, are condensation products of the simpler sugars 
The sugars are found in solution in the cell-sap of living cells throughout 
the plant. Cellulose, in the form of cell-walls, constitutes an important 
part of the structure of the plant, and starch is one of the most widely 
distributed solid "reserve materials " 

(2) Fats These also contain only carbon, hydrogen and oxygen 
Chemically they are glycerides, that is glycerol esters of fatty acids. 
These acids are derived from two series of hydrocarbons, i.e. bho 
methane series and the olefine series, and they usually contain a large 
number of carbon atoms The fats occur as globules deposited in the 
cells, especially in the tissues of seeds where they form reserve materials, 
though they also occur in other parts of plants. The acid components of 
the fats are also found in the free state, 

The carbohydiates and the fats both belong to the aliphatic series of 
organic compounds, that is to the series in which the carbon atoms are 
united in chains. 

(3) Aromatic compounds, These are characterized by having the 
carbon atoms united in a ring, as in benzene. They may contain more 
than one carbon ring, and, moreover, aliphatic groupings may be attached 

o. i 
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to the carbon ring as side-chains The mimbei of aromatic substances 
is very great, and every plant contains representatives of the class 
Some members are widely distributed , others, as far as we know are 
restricted in their distribution, and may be peculiar to an order, a genus 
01 even a species This class contains the various phenols, i e hydroxy- 
clerivatives of benzene, such as phloroglucm, and the corresponding acids, 
i e hydroxy-derivatives of benzoic acid, such as gallic and protocatechuic 
acids Just as in the case\of the carbohydrates, where simpler compounds 
may become more compW by condensation, so the aromatic acids, 
aldehydes, and their derivatives may be condensed to form more complex 
substances, such as tannins Other members containing more than one 
benzene ring aie the water-soluble yellow, red, purple and blue pigments 
of plants, the yellow being hydroxy-flavones and flavonols, the remainder 
anthocyanms The simplest aromatics occur in true solution in the 
coil-sap throughout the plant, and the more complex ones exist in the 
colloidal state 

Another section of aromatics is represented by the " essential oils " 
They are heteiogeneous m chemical Composition, though they are 
chiefly represented by the hydrocarbons of the terpene senes They also 
include various alcohols, aldehydes and ketones They have no relation- 
ship with the true fats, but are responsible for many of the well-known 
scents of plants , as examples may be mentioned limonene in lemons, 
pinene in Conifers, borneol in Thyme and Rosemary, menthol in 
Peppermint and camphor in the Camphor tree {Laurus Camphora) 

(4) Proteins This large class contains substances which are in many 
cases built up of groupings from both the aliphatic and aromatic series 
It includes not only the proteins but also their simpler derivatives, the 
albumoses, peptones and polypeptides In this case, as before, the simplest 
derivatives, known as the ammo-acids, are synthesized by condensation 
to form the polypeptides, peptones, albumoses and proteins, in a series 
of increasing complexity. The ammo-acids are compounds, either of 
the aliphatic or aromatic series, m which one or more hydrogen atoms 
are replaced by the radicle NH 2 They are soluble and crystalline, 
but after condensing together, the final product, the protein, only exists 
m either the solid or the colloidal state Proteins, in the latter condition, 
constitute the bulk of the complex material, protoplasm , in the solid 
state, in the form of grains and granules, they occur as reserve material 
in the cell. 

The above-mentioned classes will be dealt with m greater detail in 
the later chapters There are, of course, a large number of other 
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substances in the plant, some of winch may be included with the above, 
while others form additional small classes, as for instance, the 
alkaloids others, again, boar no close relationship to any class, such as 
the all-important pigment, chlorophyll. 

In order to appreciate the subject of plant chemistry, the plant, 
which is familiar as a botanical entity, must be interpreted in chemical 
terms. The principal classes of the more essential and widely distri- 
buted compounds found in plants have already been indicated on the 
broadest basis, so that 8 they may now be referred to without additional 
comment. 

From the botanical point of view, the plant may be regarded as a 
structure composed of many living protoplasmic units enclosed in cell- 
walls and combined together to form tissues. There are also certain 
tissues, known as dead tissues, which assist in giving rigidity to the 
plant All these structural elements can bo translated into terms of 
chemical compounds 

One of the chemical processes most frequently met with m the plant 
is that of synthesis by condensation, with elimination of water, of large \ 
complex molecules from smaller and simpler molecules The formation 
of cellulose, for instance, is a case in point. Cellulose has the composition 
(CsHjgOiOn. and, on hydrolysis with dilute acids, it yields glucose as a final 
product Hence it is concluded that the complex molecule of cellulose is 
built up from the simpler carbohydiate by condensation. The synthesis 
of piotems from ammo-acids affords another example These acids 
contain either an aliphatic or aromatic nucleus (let it be M), and one or 
more carboxyl and ammo groups. Condensation takes place in the plant, 
with elimination of water, according to the following scheme . 

Ri Rii RJii R* 

I I I ... I 

NH a CH- CO OH H NH CH CO OH H NH CH -CO OH... . H NH CH COOH 

The products of such condensation, the proteins, vary among them- 
selves according to the number and kind of ammo-acids which take part 
in the synthesis 

Two important i esults arise from this process. First, the substances 
formed by condensation have molecules of a very large size , secondly, 
whereas the simple compounds, sugars and amino-acids, are soluble, 
crystalline and diffusible, the condensation products are either insoluble, 
e.g. cellulose, 6r exist m the colloidal state, as is the case of many proteins 
and other plant constituents As these very large molecules do not dialyze, 
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they remain where they are synthesized, and build up the solid 
structure of the plant, as for instance, the cell-walls 

Matter in the colloidal state is of very great importance in the plant 
and is probably responsible for many of the properties of "living" 
material Thus it will not be out of place, though it will be referred to 
again in a later chapter, to make at this point a few remarks on the 
colloidal state It has been known for some time that certain metals, 
e g gold and silver, and also certain metallic hydroxides and sulphides, 
eg feme hydroxide and arsenious sulphide, though insoluble in water 
undei ordinary conditions, can, by special methods, be obtained as 
solutions which are cleai to the unaided vision Such solutions are 
teimed colloidal Investigation has shown that the mattei is not present 
in true solution, but in a very iinely divided state, i e as particles many 
times larger than simple molecules, but smaller than any particles obtain- 
able by mechanical means of division. Such solutions are known as 
artificial colloidal solutions, but there are a number of organic substances, 
with wry large molecules, such as proteins, starch, gums, agar, etc , which 
at once dissolve in water giving colloidal solutions 1?he main fcatuie of 
the colloidal state is that the system consists of two phases, or conditions 
of matter In the case of the artificial colloidal solutions first mentioned, 
one state is solid, the gold particles, the other state is liquid, the water 
The solid is known as the dispersed phase, and the water as the continuous 
phase, and such colloidal solutions are termed suspensoids In the case 
of proteins, starch, etc, both phases are liquid the dispersed phase, 
a concentrated solution of protein, etc ; the continuous phase, a 
dilute solution of protein, etc Such colloidal solutions are known as 
emulsoicls 

An important point in connexion with the colloidal state is that the 
molecules, or aggregates of molecules, forming the dispersed phase are 
so large that they exhibit some of the phenomena of surface energy, 
electrical charge, etc., associated with matter in mass These properties 
come to be of considerable importance, when we consider how large 
a surface is presented by matter in this state in comparison with its 
mass 

A material in the plant upon which much interest naturally centres 
is the protoplasm and its nucleus It has been shown that the protoplasm 
consists, chemically, largely of proteins in the colloidal state. It is itself 
a liquid, and embedded in it aie substances of various chemical constitu- 
tion, m the form of granules of solid matter and also liquid globules 
Numerous chemical reactions are continually taking place in the 
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protoplasm throughout the coll, and since many of these reactions can 
take place both simultaneously and independently, the protoplasm must 
have some form of organized structure Though many phenomena of " life " 
may be accounted for by the physical and chemical properties of such 
substances as proteins, it is impossible to say, with our present knowledge, 
how far all " living " phenomena may yet be explained in this way 

Some of the main lines of metabolic syntheses which take place in 
the plant will next be considered A fundamental fact which should be 
borne in mind is that the green plant synthesizes all the complex 
materials of which it is composed from the simple compounds, carbon 
dioxide, water and certain inorganic salts. The mosb important factor, 
perhaps, which figures m plant metabolism, is chlorophyll. The green 
pigments of chlorophyll are esters of complex organic acids containing 
the elements carbon, hydrogen, oxygen, nitrogen and magnesium They 
have the remarkable power of absorbing the radiant energy of the sun's 
rays and of transforming it into chemical energy, by means of which 
carbon dioxide and water arc combined to form some oiganic compound, 
possibly formaldehyde, from which a simple carbohydrate is readily 
synthesized 

If now the initial and final products of carbon assimilation be 
consideied in detail, it will be seen that the process is one of reduction: 

6CO 2 + 6H a O == C H 12 O fl + 6O a 

This is confirmed by the fact that oxygen is evolved in the process. 
Moreover, the plant accumulates a store of energy, since the final 
product, the carbohydrate, has a higher potential energy than the system, 
water and carbon dioxide. Hence carbon assimilation, in addition to 
providing a basis of organic material as a starting-point for all the main 
metabolic functions, also provides a source of chemical energy by means 
of which reactions m other directions arc brought about. 

The setting free of this accumulated energy constitutes the process 
of respiration, which is, m reality, an oxidation of carbohydrate taking 
place in tissues throughout the plant. It is the converse of carbon 
assimilation, m that oxygen is absorbed and carbon dioxide and water 
are formed Thus these two processes, both so fundamental and essential 
to the metabolism of the green plant, arc constantly taking place side 
by side in ,the same coll. 

The first-formed carbohydrate, which is probably a liexose, is 
condensed in the plant, on the general lines we have previously indicated, 
to form more complex disaccharides a,nd polysacchandes, such as maltose, 
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cane-sugar, starch, cellulose, etc. Some of these products, mich as the 
clisaccharides, form true solutions and may be present in the cell-sap , 
others, such as cellulose and starch, are present in the solid state, though 
they contain considerable quantities of water Others, again, .such ;us 
dextrin and gum, are present m the colloidal state Thus, given <\n 
initial carbohydrate and a source of eneigy, we may proceed to indicate 
the other main lines of syntheses in the plant 

The next most important line of syntheses is probably that which 
gives rise to the nitrogen-containing constituents of the plant. Ni Irogen 
is absorbed by the green plant in the form of nitrates and ammonium 
salts, but the processes which lead to the synthesis of some of the 
simplest nitrogen-containing compounds, such as the amino-acicls, are still 
very obscure Aliphatic and aromatic acids of various kinds are 
abundantly present in the tissues, but the reactions by which the' NJI a 
groups are introduced are by no means clear. There is little doubt* 
however, that once the ammo-acids are formed, condensation takes ploeft 
as already indicated, and more complex molecules, termed polypoptidos, 
arise. Such polypeptides have now been synthesized artificially by the 
condensation of ammo-acids From the polypcptidcs, by further stages 
of condensation, the albumoses, peptones, and finally proteins are 
produced. 

Another line of syntheses is that which leads to the production of 
the fats and allied substances. The fats are mainly glycendos of acids 
oi the methane and olefine series, such as butyric, palmitic and ohio 
acids. Like all other plant pioducts the fats must either directly or 
indirectly arise from the carbohydrates. There is evidence fclmt, Uio 
origin is fairly direct, as, for instance, in fatty seeds when the MH toko 
the place of sugars in ripening. The sugars, as we know, arc aldehyde, 
of the po yhydric alcohols of the methane series. It has boon mi^Htc-d 
though the actual stages have not been ascertained, that by vnrioiiB 
oxidation and reduction processes, the sugais yield fatty acid reHulmvs 
which then condense to form the fatty acids of high molecular weight 
present in fats By a conveisc process, the fats, especially when they 
are stored as reserve materials in seeds, are broken up, and mn W H nre 
again formed which pass to other parts of the germinal mgseedlL and 
are there used in other synthetic processes. < *, aim 

A third mam line of syntheses is that which gives rise to the 
aromatics o the plant Since no ring compound is absotbod by the gr 
plant it follow* that by some process the aliphatic structure mutt 
.ansformed into the aromatic Thus, for mstaL, the fcrihyclric ph ^ 
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phloroglucm, might at some stage be formed from a hexosc by conversu 
of the aliphatic chain into a closed ring 

OH H OH OH 

OHC C C C C CHaOH 3H a O = COCH,- CO CH,~ CO~CH, 

H OH H H I "_ " I 

Glucose 

H 2 H 

/\ /\ 

OC CO HOC COH 

II- II I 

H 2 C CH a HC CH 

\0/ \(X 

O OH 

Phlorogluoin 

There is evidence that aromatic compounds, such as phloroglucu 
tannins, flavones and anthocyanms are synthesized m the leaves, an 
that sugar-feeding, by floating loaves m sugar solutions, loads to th 
increase of aromatics in the tissues. When the ring structure has bee 
once synthesized, further changes can take place either by the additio 
of side-chains to the ring or by the condensation of two or more rings 
In this way the gieat multitude of aromatic products present ;n th 
higher plants may arise. 

Thus the cell can be pictured as a colloidal solution of protein 
endowed with the properties of matter in mass and surrounded by i 
permeable cell-wall of cellulose. The colloidal solution contains liquic 
and solid particles of very varied chemical composition In the protoplasm 
are spaces, vacuoles, filled with cell-sap also containing many anc 
various substances in solution. Throughout the protoplasm, whict 
probably has an organized structure, many kinds of chemical reaction! 
are continually in progress, some being the converse of others, as fo 
instance those of oxidation and reduction which can take place side b] 
side in the same cell. 

Next will be considered the chemical reactions by which the various 
metabolic changes in the plant are brought about How are these 
processes controlled and how do they take place ? 

There is a large group of organic substances, termed enzymes, man} 
of which are present in every plant. They have a certain characteristic ir 
common, i.e they bring about chemical reactions m the plant withoul 
undergoing any permanent change; in other words they are organic 
catalysts. Many of those reactions, which take place m the cell at 
ordinary temperatures with considerable rapidity need prolonged heating 
at high temperatures when brought about by artificial means. Enzymet 
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can generally be extracted from the plant by water, especially if the 
tissues are thoroughly disintegrated Their chemical constitution is 
at piesent unknown, and they are usually destroyed by ternpeiatures 
greater than 60C Moreover, many of the processes which they control 
in the plant can be brought about by them in mtro under suitable 
conditions, and it is by means of such experiments that information as 
to their r61e in plant metabolism has been ascertained The majority of 
known enzymes control both hydrolysis and its conveise, .synthesis by 
condensation with elimination of water, but under artificial conditions 
hydrolysis most frequently occurs The enzyme, diastase, for instance, 
found in all starch-containing plants hydrolyzes in mtro starch to doxtrin 
and maltose Similarly the enzyme, maltase, hydiolyzes maltose into 
glucose Other enzymes hydrolyze proteins into ammo-acids, and others, 
again, hydrolyze fats into fatty acids and glycerol 

Until fairly recently the fact escaped notice that such reactions are, 
reversible, and that these enzymes in situ in the plant may, according 
to the conditions, control not only the hydrolytic but also the cor- 
responding synthetic process The latter may also be brought about, 
though not readily, m vitro This, and other evidence, loads us to 
believe that enzymes in the plant control the reactions in both directions 
Hydrolysis, and synthesis with elimination of water arc not however 
the only processes catalyzed by enzymes There is another typo of these 
catalysts, the oxidizing enzymes, which bring about oxidation of Hub- 
stances in the plant, notably of aromatics In addition, there is the 
enzyme, zymase, which decomposes sugar with the production of alcohol 
and carbon dioxide 

The question which now arises is How many reactions in the plant 
are catalyzed by enzymes ? It is conceivable that a greater number of 
enzymes may exist than are at present known, but that they are unable 
to be extracted by our present methods of isolation A certain number 
of reactions probably take place in the cell-sap between the Htilwtauoos 
in solution; others are catalyzed by enzymes which are supposed to bo 
intimately connected with the protoplasm, but there are an enormous 
number to which there is at present no cluo as to how they are, brought 
about, such, for instance, as the synthesis of carbohydrates from carbon 
dioxide and water, and the formation of the benzene ring from the open 
carbon chain Such processes are usually said to be contiollod by the 
"living protoplasm," but what exactly is the significance of this 
expression is at present beyond our knowledge. 

Finally, also, little is known of the question as to how Lhp various 
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lines of metabolic syntheses in different parts of plants are icgulated 
and correlated with each other Some of the phenomena involved are 
shortly outlined as follows Theie is undoubtedly, under suitable 
conditions, a constant synthesis of sugars in the leaves. In all pro- 
bability aromatic substances are also synthesized in the same organs, 
for there is evidence that there is an increase of these compounds in the 
leaf if translocation through the petiole is prevented It is possible that 
ammo-acids also are formed in the leaf. The above products are 
constantly translocated to the growing organs as material for growth. 
They may, nevertheless, bo temporarily stored in the tissues whore they 
have been synthesized, and of this there is evidence in at least one case, 
e.g starch in the k'uf But, apart from the immediate use for growth, 
there is in practically every plant, some tissue where, owing to some 
unknown stimulus (causing probably changes in permeability of the 
cell-membranes), accumulation of compounds occurs This accumulation 
is characteristic of organs from which growth will take place when it is 
impossible for the plant to obtain fresh supplies by carbon assimilation, 
as, for example, of bulbs, rhizomes, tubers, buds, seeds, fruits and woody 
tissues In these cases, in due time, the products stored supply the 
growing shoots, 

During storage, simple sugars, ammo-acids, etc. have been condensed 
to form insoluble, colloidal, or large molecules of starch, fats, aleurone, 
cane-sngar, etc These will remain until they are hydrolyssecl by enzymes 
when they can supply the growing shoots. Such stores are termed 
"reserve materials " The actual stimuli involved in bringing about and 
regulating this storage are unknown, but they are probably connected 
with the life cycle of the paiticular plant under consideration and its 
adaptation to external conditions. 
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CHAPTER II 

THE COLLOIDAL STATE 

of the substances of which the plant is built up exist m the living 
ell in the colloidal state, and it is therefore important that some account 
hould be given of this condition of matter 

There are many organic products found in the plant (and also in the 
nimal), such as starch, vanous proteins, gums, etc., that apparently dis- 
olve in water, giving a solution which, as a rule, only differs from an 
rdmary solution by being opalescent In addition, it has been known 
)r a long time that various inorganic substances, such as sulphides of 
rsemc and antimony, hydroxide of iron, and also certain metals (gold, 
Iver), can, by special methods, be obtained in "solution," though in 
rdmary circumstances they are quite insoluble. The above examples 
re representative of colloidal solutions 

A property which all the above solutions possess is that the substance 
issolved will not pass through a parchment membrane, le will not 
talyze, whereas if a solution of sodium chloride in water is separated 
om pure water by a parchment membrane, the salt will pass through 
le membrane until the concentration of the sodium chloride is equal 
i either side of it 

The conclusion drawn from investigations of various kinds is that in 
te colloidal solutions the substances dissolved exist in the state, either 
' aggregates of molecules, or of very large molecules, and hence are 
lable to pass through the pores of the parchment 

Moreover, certain distinctions can be drawn between colloidal solu- 
ms some, like those of gold, silver, metallic sulphides, hydroxides and 
fact most inorganic substances, are very sensitive to the presence of 
lall amounts of inorganic salts, le electrolytes, and are precipitated 
them, but will not as a rule go into solution again Also such col- 
dal solutions are very little more viscous than pure water. The organic 
bstances, on the other ha,nd, are only precipitated from colloidal solu- 
>ns by comparatively large quantities of electrolytes The viscosity, 
3reover, of these solutions is greater than that of water, and is, in fact, 
nsiderable, even if the percentage of dissolved matter is small. 
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Hence two terms have been employed for the above-mentioned 
types of colloidal solutions those of gold, silver, etc , are termed suspen- 
soids (suspensoid sols) those of starch, proteins, etc, emulsoids (emul- 
soid sols) 

The essential feature of both forms is that they are systems consisting 
of two phases, or conditions of matter, known respectively as the "dis- 
persed " phase and the " continuous " phase 

A suspensoid may be donned as having a dispersed phase composed 
of iiltramicroscopic particles or aggregates of molecules suspended in a 
continuous phase composed of a liquid 

An emulsoid may be defined as having a dispersed phase composed 
of ultranncroscopic drops of a highly concentrated solution of the sub- 
stance suspended in a continuous phase composed of a dilute solution of 
the same substance 

As a rule, therefore, the difference between a suspensoid and an 
emulsoid is that, whereas in the former the liquid is lestncted to the 
continuous phase, and the solid to the dispersed phase, in an emulsoid 
both phases are liquid, though containing different proportions of the 
dissolved substance 

The terms suspensoid arid emulsoid arc used on account of the re- 
semblance of these states of matter respectively to suspensions and 
emulsions If microscopic particles of a solid are shaken up in water, 
what is known as a suspension is obtained , in time, however, the solid 
particles, if heavy enough, will settle and separate from the wabcr, and 
the whole process can be repeated. Thus a suspension differs from a 
suspensoid solution in that the latter is stable, though, if precipitated, 
the reaction is usually not reversible. 

If two liquids which are insoluble in each other, such as oil and 
water, are shaken up together, finely divided drops of oil in water are 
obtained. This is known as an emulsion. In time, however, the oil 
separates from the water, because the tension pn the films of water 
separating the oil drops, when in contact, is too great, and they break, 
with the result that the oil drops coalesce But if, instead of water, a 
solution of soap, saponms, or certain other substances is used, bhe surface 
tension of the water is so lowered that the films of soap solution separating 
the oil drops are permanent, and a system is obtained consisting of minute 
drops of oil separated by soap solution This system resembles an. organic 
colloidal solution, as, for instance, that of protein in which we suppose 
a concentrated solution of protem exists in drops separated by a dilute 
solution of wotem. Milk and latex constitute natural emulsions 
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Kipt 1 Foi mation of a suspension Precipitate a solution of barium chloride 
with some sulphuric acid and shake up well the fine precipitate of barium sulphate 
Note the gradual settling of the precipitate 

Ea.pt 2 Formation of an emulsion Take a diop of olive oil in a test-tube and 
half fill the tube with alcohol Shake well and pour into a beaker of water A line 
white emulsion of oil in water will be formed from which the oil will not separate 
By this method the oil is obtained in .such small drops that stability in ensured 

Take about equal quantities of olive oil in two test-tubes and add mi equal 
quantity of water to each To one tube add a drop or two of 10% caustic alkali 
solution Shake both test-tubes well An emulsion is formed in both, but in the 
tube without alkali the oil will separate out on standing In tho other tube the 
emulsion is permanent This is due to the fact that the olive oil (unless specially 
purified) contains some free fatty acid The latter foims soap with the alkali (see 
p 82) and renders the emulsion permanent 

Expt 3 Prepai atwn of suspensoid sols (a) Gold Take two lOOc.c measuring 
cylinders and thoioughly clean them with nitric acid, and afterwards wash woll with 
freshly distilled water In one make a 5% solution of tanmc acid (using the purest 
(sample obtainable) in water In the other, 2 c c of commercial 1 % gld chloride are 
made up to 100 c c with watei Use fieshly distilled water 'm both cases Mix equal 
poi tions of the two solutions in a clean beaker A purple colloidal solution of gold 
will be formed If three parts of the chloride solution are mixed with one part of tho 
tannin solution, and both solutions heated before mixing, a red colloidal solution is 
obtained (6) Silver Take 5 c c of a 1 % solution of silver nitrate and add dilute am- 
monia solution until the precipitate first formed just disappears, and then dilute with 
100 e c of water Mix equal volumes of this solution and the tanmc acid prepared 
foi (a) A colloidal solution of silver will be formed which la clear blown by trans- 
mitted light, but has a green fluorescence by reflected light, (o) Feme hydroxide, 
Take 5 c c of a filtered 33 % solution of feme chloride and pour into 600 o e of 
boiling distilled water m a beaker A colloidal feme hydroxide sol is formed and tho 
colour changes to a deep brown-red The yellow solution of feme chloride is do- 
composed by excess of water with the production of a soluble colloidal form of feme 
hydroxide, and hydrochloric acid is set free, (d) Arsenic tnsulphide, Take 2 grns. 
of aisemous acid and boil with 150 c c of distilled water, filter and cool. Then pass 
sulphuretted hydrogen through the solution A colloidal solution of tho sulphide IB 
formed which is orange, with a greenish surface 

The above sols should jbe kept for further experiment [see JSxpt 8] 

Easpt 4 Preparation of emulsoid sols (a) Starch Weigh out 2 gms. of dry starch, 
and mix well with a little cold distilled water Boil 100 c c. of distilled water in a 
flask, and, when boiling, pour in the starch paste and boil for a few minutes longer, 
stirring well all the time A colloidal solution of starch is obtained which is faintly 
opalescent It is not affected by heating and does not change its state on cooling. 
(b) Gum arable Make a 5 % solution of gum arable by boiling 5 gms. with 100 o.o. 
of distilled water. Note that a sticky or viscous solution is formed which froths on 
shaking (c) Ptotem Weigh out 10 gms of white flour and add 100 c.c. of distilled 
water Let the mixture stand for 2 or 3 hours and then filter. The extract contains 
protein Note that the solution froths on shaking, (d} Soap Make a 5~10<>/ solution 
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of soap in distilled water It is opalescent and fioths strongly, (e) Gklon>pkt/H 
[See Expt 32 ] 

The above sols should be kept for further experiment [see Evpt 9] 
Empt 5 Dialysis of starch and salt solution Make a 2 % solution of .staich in 
\Vc\tcr, as in Expt 2, and mix it with an equal volume of a 2 l) / fl solution of .sodium 
chloride in water Pour the mixture into a parchment dialyzer and dialyze in a 
beaker of distilled water (The dialyzcr .should fhst be carefully tested to ascertain 
if there be a leak ) Tost the liquid in the beaker with solutions of both iodine and 
silver nitrate Some precipitate of chloride will bo given, but no blue colour with 
iodine Aftei 24 hours, test the liquid again There will be an moi eased amount of 
silver chloride formed, but a negative result with iodine On addition of iodine to 
the liquid in the dialyzer, a blue coloui is obtained Hence wo may assume that the 
colloidal starch does not pass through the membrane 

Some substances, such as gelatine (animal) and agar (vegetable), are 
only in the emulsoid condition at a raised temperature When cold 
they set to form a " gel/' in which the particles of the dispersed phase arc 
no longer separate but united to make a solid. Silicic acid, the best known 
inorganic emulsoid, also sets to a gel on standing, either spontaneously 
or on addition of electrolytes. It is of classical interest since it was the 
substance largely used by Graham, the first worker on colloids. 

Expt G Preparation of gels (a) Agar Weigh out 2 gin a of agar and put it 
to soak in 100 c c of distilled water for an hour or two Then boil . the agar give^ a 
thick opalescent solution (sol) which sets to a gel on cooling On warming, the gel 
again becomes a sol, and, on cooling, again sots to a gel Thus the change is a 
reversible one Agar is a mucilage which is obtained from certain genera of the 
Rhodophyceae (see p 49) (6) Silwio acid Weigh out 20 gms of commercial "water- 
glass" syrup (a concentrated solution of sodium, silicate) and dilute with 100 c.c. of 
freshly boiled distilled water (fteo from carbon dioxide). Pour 75 c c. of this solution 
into a mixture of 25 c c of concentrated hydrochloric acid and 75 c c, of water 
Dialyze the imxture in a parchment, dialyzor against running water for 3-4 hours 
If to the dialyzed liquid a little very dilute ammonia IB added, a gel will bo formed 
m the course of a few hours. In this case, however, the process is irreversible, that 
is the gel cannot be reconverted again into the sol. 

An interesting point in connexion with the colloidal state is that 
emphasized by Ostwald, i e. that this condition is a state, not a type, 
of matter Further, substances in the colloidal state do not constitute 
a definite class. It is reasonable to suppose that all substances which 
exist m the qolloidal state can, under suitable conditions, also exist m 
the crystalline state, and vice versa, Further, the continuous phase is 
not always water. Sodium chloride, which is a very definite crystalloid, 
can be obtained HI the colloidal state in petroleum ether. Most metals, 
even the alkali metals, have been obtained in colloidal solution also a 
great many metallic oxides, hydroxides and sulphides. 
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The colloidal phases so far dealt with can be tabulated as follows 1 * 

disperse continuous 

liquid solid gels 

solid liquid . . suspeusoids 

liquid . liquid . . emukoids 

Some of the properties of colloidal solutions may now be considered 
A point that has already been emphasized in the previous chapter is 
that the surface of paiticles in the colloidal state is very great in pro- 
poition to their mass Such particles, moreover, unlike ions and small 
molecules in true solution, possess the properties of the surfaces of matter 
in mass, as, for instance, those connected with' surface tension, electrical 
charge, etc , and these are especially marked on account of the propoi- 
tionately large surfaces involved Other properties are their inability, 
as a rule, to exert an osmotic pressure, to zaise the boiling point, and to 
lower the freezing point of water. Some of the metallic suspensoids are 
chaiacterized by their colour, this being red, purple or blue as in the case 
of gold sols 

An apparatus, by means of which the colloidal state can be demon- 
strated ocularly, is the ultramicioscope This is a special form of micro- 
scope in which a powerful beam of light is directed upon a colloidal solution, 
which is then seen to contain a numbei of particles in rapid motion. 
When analyzed by special methods, this motion has been found to be 
identical with that shown by much larger, though still microscopic, 
particles, which has been termed Browman movement 

Expt 7. Demonstration of JBiownian movement of microscopic pm tides Mount a 
little gamboge in water and examine under the high powei of a microscope The 
particles will be seen to be in rapid motion. 

It has been shown that Browman movement is the outcome of the 
movement of the molecules of the liquid in which the particles are 
suspended This movement is one of the factors which keeps the sol 
stable and prevents the particles from "settling" as in the case of a 
true suspension. 

Another factor tending to keep the sol stable is the electrical charge 
borne by the particles. It is commonly known that there is usually a 
difference of potential between the contact 'surfaces of phases If the 

1 Tlieie aie also the following combinations (Bayliss, 1) 



continuous 

gas liquid , foam 

liquid . , gas fog 

solid gas tobacco smoke 

solid , solid , , , ruby glass (colloidal sol of gold in glass) 
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particles m a colloidal solution all have the same charge, then they will 
tend to repulse one another mutually It is found that the particles 
are charged, but the origin of the charge is not always clear. Sometimes 
if the substance in colloidal state is capable of electrolytic dissociation, 
the charge may arise in this way Substances, however, as alieady men- 
tioned, which are not dissociated may also bear a charge, and most 
frequently it is a negative one It follows, then, that when an electro- 
lyte is added to a colloidal solution, the charges on the colloidal particles 
aie neutralized by the oppositely charged ions of the electrolyte, and 
they coalesce together and aie precipitated 

AK regards their bchaviom to electrolytes the two classes, suspen- 
soids and emulsoids, are very different The suspense-ids are very sensi- 
tive to traces of electrolytes, and, as they usually have a negative charge, 
it is the cation of the electrolyte which is the active ion, and of such, 
less of a divalent ion, than of a monovalent ion, is needed for precipita- 
tion and still less of a trivalent ion 

The emulsoids are far less sensitive to electrolytes in solution than 
the suspensoids , in fact, electrolytes, such as neutral alkali salts, must 
be added in very large quantities to emulsoids before precipitation takes 
place Also, as a rule, whereas the precipitation of suspensoids is irre- 
versible, that of emulsoids is reversible, that is, they pass into solution 
again on addition of water In the case of an emulsoid in neutral solu- 
tion this form of precipi tation, unlike that of the suspensoids, may be 
regarded as consisting of two processes. First, a process analogous to 
) that of " salting out " ol soaps, esters, etc., in organic chemistry, which 
is, in effect, a withdrawal of water from one phase into another Secondly, 
the precipitation is also affected to some extent by the valency of the 
ions of the salt used m precipitation. 

When, however, a neutral solution of such an omulsoid as protein is 
made either .slightly acid or alkaline, its behaviour towards neutral salts 
becomes altered. The precipitating power of salts in acid or alkaline 
medium is now in accordance with that on suspensoids. In alkaline 
solution the coagulating power of a salt depends on the valency of the 
cation, m an acid solution it depends on the valency of the amon. 

The behaviour of proteins in acid and alkaline media is undoubtedly 
duo to the fact that they are built up of ammo-acids containing both 
ammo and carboxyl groups Such molecules may behave either as an 
acirl or a base with the formation of salts These are subject to electro- 
lytic dissociation and hence acquire an electric charge Such substances 
have been termed "amphoteric electrolytes" (see p. 120) 



16 THE COLLOIDAL STATE [OH. n 

Expt 8 Pi eapitatioii of suspensoid sols by eleett olytes The sols of gold, silver 
and arsemous sulphide carry an electro-negative chaige hence they are most icadily 
precipitated by di- or tn-valent positive ions, such as Ba" or Al'" Add a few drops 
of barium chloride solution to the three sols (Expt 3) respectively, and note that 
they are precipitated, though some time may elapse befoie the precipitation is 
complete The ferric hydroxide sol, on the contrary, caines a positive ohaigc Hence 
it is most leadily precipitated by a sulphate or phosphate If a drop of sodium 
sulphate solution is added while the sol is hot, it is immediately precipitated 

Expt. 9 P) eaipitation of emulsoid sols by electrolytes Saturate the .starch, protein 
and soap solutions prepaied in Expt 4 with solid ammonium sulphate Precipitation 
takes place in each case, and it is seen how large a quantity of electrolyte as needed 
for the "salting out" of emulsoid sols Filter off the protein precipitate and suspend 
in distilled water It will go into solution again, showing that the reaction is 
reversible 
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CHAPTER III 

ENZYME ACTION 

SOME indication has been given in the previous chapter of the large 
number of complex processes which take place in the plant, and it has 
been mentioned that many of these are controlled by enzymes 

The most remarkable feature in connexion with the chemical pio- 
cesses of plant metabolism LS the ease and rapidity with which, at 
ordinary temperatures, chemical reactions take place, when under artificial 
conditions they need a much longer time and higher temperatures 

It has been found that many of the chemical reactions m the plant 
can be brought about in mtro on addition of certain substances which 
can be extracted from the plant These substances are known as enzymes. 
It is the property of enzymes that they are able to accelerate reactions 
which, in their absence, would only take place very slowly The enzyme 
cannot initiate these icactions and does not form part of their final 
products 

Some inorganic substances have the same property of accelerating 
reactions, and such substances are termed catalysts For example, when 
water is added to ethyl acetate, the latter begins to be decomposed slowly 
into ethyl alcohol and acetic acid : 

ethyl acetate 4- water > ethyl alcohol + acetic acid, 

but if, in addition, some hydrochloric acid is added, hydrolysis takes place 
with much greater rapidity, and at the end of the reaction the hydrochloric 
acid is found unchanged Hence in this case hydrochloric acid is an 
inorganic catalyst. Many other similar instances aie known as, for 
example, the catalyzing effect of a small quantity of manganese 
dioxide which brings about the liberation of oxygen from potassium 
chlorate at a much lower temperature than by heat alone. 

By analogy, therefore, an enzyme may bo defined as an organic 
catalyst produced by the plant. 

Another point in connexion with the above-mentioned reaction of 
water with ethyl acetate, is the fact of its being representative of the 
type known as reversible. After a certain amount of acetic acid and 
ethyl alcohol has been formed, these recombme to form ethyl acetate 
until m time a certain point of equilibrium is leached. Since the same 



18 ENZYME ACTION [OIL 

point of equilibrium is i cached whether hydrochloric acid is used or not, 
it is obvious that the hydrochloric acid aeceleiates the reaction in both 

diieetions 

ethyl acetate + water ^: ethyl alcohol 4- acetic acid 

Such a reaction is termed a reversible one Many of the processes 
accelerated by enzymes in the plant aie reversible, and there is reason 
to believe that the enzyme accelerates the leaction in both directions 

The substance upon which the enzyme acts is termed the substrate, 
and it is supposed that some kind of loose combination occurs between 
these two substances The enzyme is unaltered when the reaction is 
complete, unless it is affected by the pioducts formed 

The enzymes are very widely distubuted and form constituents of 
all living cells, though all tissues do not necessarily contain the same 
enzymes 

Theie is no doubt that many enzymes are specific, in which case 
an enzyme can only accelerate one reaction, or one class of reaction. 
We cannot be sure that any enzyme is specific and different from all 
others, until it has been proved that it accelerates one process which is 
incapable of being accelerated by any other enzyme It is possible 
that some enzymes, to which separate names have been given, are really 
identical 

Most of the plant enzymes are soluble in water and dilute glycerol 
and sometimes in dilute alcohol Some can be extracted by simply 
macerating the tissues with water, others are more intimately connected 
with the protoplasm, and aie only extracted if the protoplasm is killed 
by certain reagents, of which those most frequently employed are toluol 
and chlorofoim These substances kill the protoplasm and do not, in 
many cases, affect the enzyme After the death of the protoplasm, the 
enzymes are more readily extracted from the cell Prom aqueous 
solutions enzymes can usually be precipitated by adding strong alcohol. 

The majority of enzymes are destroyed by raising the temperature 
above 60 C In vitro then reactions are generally earned out most 
rapidly between the temperatuies of 35-43 C. 

In performing experiments with enzymes in vitro, it is always 
necessary to add an antiseptic, otherwise the reaction to be studied will 
be masked or entirely supeiseded by the action of bacteria unavoidably 
present Toluol and chloroform mentioned above, as well as thymol, 
may be used These reagents prevent any bacterial action from taking 
place Some enzymes, however, are susceptible to chloroform, as, for 
instance, maltase 
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The chemical nature of enzymes is at present unknown, because it 
is difficult to purify them without destroying them, and hence to obtain 
them of sufficient purity foi chemical analysis They were ongmally 
thought to be proteins, but with the improvements in methods for 
purification, it has been found that the protein icactions disappear, 
although the enzyme activity does not deciease In solution they exist 
in the colloidal condition 

The questions as to their origin and their relation to the protoplasm 
cannot yet be answeied with any certainty It is also impossible to say 
whethei the majority of chemical processes in the plant are catalyzed by 
enzymes. 

A feature of enzyme action which is of cousideiablo interest and 
which has already been mentioned is the question as to whether enzymes 
catalyze the synthetic as well as the hydrolytic reaction There is 
evidence that this is so, since, in many cases, the hydrolysis is not 
complete If the enzyme were a catalyst in one direction only, the 
reaction would be complete Further evidence is supplied by the fact 
that, under suitable conditions, i.e, strong concentration of the substances 
from which synthesis is to take place, certain syntheses have been carried 
out in vit> o As an example may be quoted the synthesis of maltose 
from a concentrated solution of glucose by maltase (JBayhss, 2) 

In the living cell it is supposed that the hydrolysis and synthesis 
are balanced On the " death " of the protoplasm, which may be caused 
by mechanical injury, vapour of chloroform or toluol, etc (Armstrong, 7, 8), 
the reactions catalyzed by enzymes cease tobe balanced and pioceed almost 
always in the direction of hydiolysis and the splitting up of more complex 
into simpler substances. This phenomenon is obvious when any of the 
products can be recognized by smell or colour, as, for instance, the smell 
of benzaldehyde on injuring leaves of plants containing cyanogen etic 
glucosicles (see p 140), or the production of coloured oxidation products . 
when some of the aromatic glucosides aie decomposed (see p 113) 

If plant tissues are disintegrated, and the mass is kept at a temperature 
of about 88 C., the above-mentioned hydrolytic processes continue to be 
catalyzed by the enzymes present until equilibrium is reached, which will 
be near complete hydrolysis, especially ]f water has been added Such 
a process is termed "autolysis." 

The chief plant enzymes may be classified undoi the following 
headings : 

A. Hydrolytic enzymes, Those constitute by far the greater number 
of known enzymes. In their activity they either add or eliminate water. 
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According to the substances upon which they act (the substrates) 
they may be further sub-classified as follows 

(1) Fat-splitting enzymes, which hydrolyze fats into fatty acids 
and glycerol lipase 

(2) Carbohydrate-splitting enzymes 

Diastase, which hydrolyzes starch into dextrin and maltose 

Invertase, which hydiolyzes cane-sugar into dextrose and laevulose 

Maltase, which hydrolyzes maltose into dextrose 

Inulase, which hydrolyzes mulm into laevulose 

Cytase, which hydrolyzes hemicellulose into mannoso and galactoso. 

Pectmase, which hydrolyzes pectic compounds into arabmoso 

(3) Glucoside-splittmg enzymes . 

Emulsm, which hydrolyzes amygdalm into benzaldehyde, prussic 
acid and glucose 

Myrosin, which hydrolyzes smigrm into allylisothiocyanate, potassium 
hydrogen sulphate and glucose 

(4) Protein-splitting enzymes (proteases) 

Pepsin-like enzymes, which hydrolyze proteins into albumosoH and 
peptones 

Erepsm-like enzymes, which hydrolyze peptones into polypoptidoH 
and ammo-acids. 

B Oxidizing enzymes . 

Peroxidases, which decompose peroxides and set free oxygon in 
the active state, probably as atomic oxygen 

Catalases, which decompose hydrogen peroxide and set free oxygen 
in the molecular condition. 

C Fermenting enzymes Zymase of yeast and also of higher planta, 
which brings about the decomposition of certain hexosos, such as glucoHC, 
with the formation of alcohol and carbon dioxide Probably a worieH of 
reactions including oxidation, reduction and hydrolysis arc involved. 

D Coagulating enzymes Pectase, which coagulates soluble pectic 
compoundb 

E Reducing enzymes Roductase The precise function of thow 
enzymes is unknown. 

Most of these various classes of enzymes will be dealt with in cletnil 
in connexion with the chemical substances on which they react, 

An excellent demonstration of the fact that a single cell may contain 
all the various enzymes connected with the processes of metabolism is 
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afforded by the unicellular Fungus, Yeast (ftaccharomyces), of which man 
species and varieties aie known The feature of special interest u 
connexion with the Yeast plant is its power of fermenting hexoses, will 
the formation of alcohol and carbon dioxide, the process being carrie( 
out by moans of an enzyme, zymase The reaction is generally 
represented as follows, though there is little doubt that several stage; 

are involved 

H 12 = 2CO a + 2C 2 H 5 H 

In addition to zymase, yeast contains the enzymes, mvertase, protease 
peroxidase, catalase, reductase, glycogenase, caiboxylase, a glucoside 
splitting enzyme, and some foijm of diastatic enzyme The carboxylasc 
decomposes a laige number of keto-acids, of which the most impor 
tant is pyruvic acid CH S GO COOH The reaction involves the 
formation of the corresponding aldehyde with the evolution of carbor 
dioxide Yeast also stoies, as a reserve material, the polysaccharide 
glycogen, which occurs m animal tissues though it is rarely found IE 
plants this is hydrolyzcd by glycogenase into a monosaccharide Finally 
yeast contains mvertase, and most species, in addition, maltase, but from 
a few species the latter enzyme is absent Hence yeasts are able tc 
ferment the disacchandes, cane-sugar and maltose, since they can firsi 
hydrolyze them to monosaccharides 

As m the case of the enzymes of other tissues, those of yeast can be 
made to carry out their functions after the death of the living protoplasm 
The method of demonstrating this is to "kill" the cells by mea,ns ojf 
drying at 25-30 C , by treatment with a mixture of alcohol and ether, 
or by treatment with acetone and ether. In this way the protoplasm is 
destroyed, but the enzymes remain uninjured Yeast treated thus has 
been termed " zymin " 

From zymin some of the enzymes, e.g. mvertaso and the glucoside- 
sphttmg enzyme, can be extracted with water: other enzymes, e.g zymase 
and maltase, are not so readily extracted. From the living cells the 
enzymes are only obtained with difficulty, the extraction of yeast juice, 
containing zymase and other enzymes, needing, by Buchncr's method, 
a pressure as great as 500 atmospheres. 

In connexion with alcoholic fermentation by zymase, the following 
point is of special interest. For carrying out this process, two other 
substances are necessary in addition to the enzyme, i.e. a co-enzyme of 
unknown nature and a phosphate The separation of zymase from the 
co-enzyme has been accomplished by filtering expressed (Buchner) yeast 
juico through a special form of gelatine filter under a pressure of 50 
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atmospheres The phosphate and co-enzyme can also be removed from 
zymm by washing with water The washed residue is then found to bo 
incapable of fermentation, as also are the washings If, howevei, the 
boiled washings are added to the washed residue, the system is synthesized 
and can now carry out fermentation again The chemical nature of the 
co-enzyme, which is thermostable, and the precise part played by it in 
the process, are as yet unknown (Harden, 4) 

Expt 10 Preparation of zymm (a) By alcohol and ether For the following 
experiments fresh yeast should be u&ed which has been washed SCH oral times with 
distilled water and dried on a filter-pump Weigh out 25 gim of yeast and stir 
it up well in a mixture of 300 c c of ah.solu.te alcohol and 100 c c of ethei for 4-5 
minutes, and then filter on a filter-pump Next wash the yeast with 50 c c of 
ether. Then spread it out on a piece of filter-paper and allow it to dry for one hour 
(6) By acetone and ether Take 50 gms of yeast and stir it into 300 c c of acetone 
Continue stirring for 10 minutes, and filter on a filter-pump The mass ih then 
mixed with 100 c c of acetone for 2 minutes and again filtered The residue is 
roughly powdered, well-kneaded with 25 c c of ethoi for 3 minutes, filtered, drained 
and spread on filter-paper for an hour in the air It can be finally dned at 45 C. for 
24 hours 

Expt 11 Action of zymasa. Fill a small test-tube with 40% glucose solution 
Add 2 gms of the zymm (from Expt. 10) for each 10 c o of solution and a little 
toluol, and shake. Then fit a slightly larger test-tube over the mouth of the first 
tube Now invert A small quantity of air will rise to the top of the first tube 
which, however, will remain filled with the sugar solution Plaoe the tubes either in 
an incubator or water-bath at 22-25 C A control set of tubes should also be arranged 
containing sugar solution and zymm which has been previously well boiled in a little 
water Bubbles of carbon dioxide will be evolved from the unboiled zymm 

Expt 12 Action of maltase (Harden and Zilva, 12 ) Into two test-tubes, (a) and 
(6), put the following 

(a) 20 c c of a 2 / solution of malto.se + 5 gm of zymm 

(b) 20 cc of the same solution of maltose + 5 gm of zymm which bah boon 
well boiled in distilled water. 

Plug both tubes with cotton-wool, after adding a few drops of toluol, and place 
in an incubator at 38 C for 12-24 hrs Test the liquid in both tubes by making the 
osazone (see p 49) Glucosazone will crystallize out in tube (a), maltonazono m 
tube (6) 

Eupt 13 Action of pero&idase (Harden and Zilva, 12) Into four small 
evaporating dishes, (a), (6), (c) and (d), put the following . 

(a) A suspension of 5 gm of fresh yeast in 10 c c distilled water + 1 c c of 
benzidme solution (1 % m 50 % alcohol) + 2-3 drops of hydrogen peroxide (20 vols ). 

(b) A suspension of 5 gm of zymm in 10 c c of distilled water + 1 c c of 
benzidme solution + 2-3 drops of hydrogen peroxide 

(c) A suspension of 5 gm of washed zymm m 10 c c of distilled watei + 1 c c 
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of benauhne solution +- 2-3 drops of hydrogen peroxide (Tlio asyimn is wasliod by 
putting ifc on a double folded filter-papei in a funnel and adding distilled watci from 
timo to time 50 c o of water should bo used for 5 gm of Kymm ) 

(d) A suspension of 5 gm of washed zymin m 10 o c of washings + 1 o c of 
benzidino solution + 2-3 drops of hydrogen peiovide 

A blue colour will develop in (n} Hhowmg that fresh yeast contains a peroxidaso 
(see p 109) A blue colour will also develop in (c) but not in (6) and (d) This is 
explained by assuming that the ssymm contains an inhibitor, not present in fresh A 
yea,st, but which is developed dmmg the preparation of the xymiu, and that this 
inhibitor can bo washed away by water On adding the washings to the washed 
zymin the reaction is inhibited again 

Expt 14 Action ofcatulase (Harden and Zilva, 12 ) Completely fill a test-tube 
with hydrogen peroxide (20 vola ) solution winch has been diluted with an equal 
volume of water and add 5-1 gm of zymin Place the thumb firmly over the 
mouth of the tube, invert and place the mouth under water in a small basin, clamp- 
ing the tube in position A rapid evolution of oxygen takes place When the tube 
is about three-fourths full of gas, close the mouth with the thumb while still under 
water and remove the tube Plunge a glowing splint into the gas and it will re-kindle 
to a flame 

Expt, 15 Action of protease Weigh out 10 gnis. of white flour, and allow it to 
extract with 100 c o. of distilled water for one hour, shaking from time to time. 
Then falter on & filter-pump The extract will contain the albumin, loxicosm 
(see p 124) Into small flasks (a) and (ft) put the following . 

(a) 40 o c of the flour extiact + 1 gm of zymin + 1 c c of toluol 
(&) 40 c c of flour extract + 1 gm of boiled zymm + 1 c c. of toluol 
Shake both tubes, plug with cotton-wool and place them in an incubator at 38 C. 
for 48 hrs. After incubation, boil the liquid in both tubes, in order to coagulate 
unaltered protein, and filter To the filtrates of the respective tubes add bromine 
water drop by drop (see p. 138) A pink, or purplish-pink colour, duo to the presence 
of trjptophanc, will bo formed in tube () Hence hydrolysis of protein has taken 
place Tube (&) will show no colour or only that due to bromine Add a little amyl 
alcohol to both tubes and shake. The alcohol will bo coloured pink 01 purplish in 
the tube giving the tryptophane reaction. 

Expt 16 Action of reduotase, (Harden and Norriw, 11 ) Take two small flasks, 
(a) and (6), piovidod with well-fitting corks and put in the following; 

(a) 1 gm,. of xymm + 20 c c. of distilled water + 0'5 o,c of methylene blue 
solution (made by diluting 5 o.c of a saturated alcoholic solution to 200 e.c with 
di&tilled water) 

(6) 1 gm. of boiled zymin + 20 c c of distilled water + o c of methylone blue 
solution 

Cork both tubes after adding a few drops of toluol and place in an incubator at 
38 C. for 3 hours The blue colour will practically disappear from tube (a) but will 
remain in tube (6) 

The methylone blue is reduced to a colourless leuoq-compoxmd which will become 
blue again on re-oxidation 
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Expt 17 Enzyme actions of an aqueous extract of zymm Weigh out 2 gms of 
zymm and place them on a double folded filter-paper in a funnel and wash with 
80 c c of distilled water With the filtrate make the following experiments 

(A) Action of^nvertase. (Harden and Zilva, 12 ) Into two small flasks (a) and (I) 
put the following 

(a) 10 c c of a 2 % solution of pure cane-sugar + 10 c c of the filtrate from 
zymm 

(&) 10 c e of the same solution of cane-sugar + 10 c c of the boiled filtrate from 
xymm 

Put both flasks in an incubator at 38 0. After 30 minutes add equal quantities 
(about 1-2 c c ) of Fehlmg's solution to both test-tubes and boil (see p. 52) Tube (a) 
will &how considerable reduction of the Fehling Tube (6) will show comparatively 
little reduction, that which does take place probably being due to the sug,ir foimed 
by the action of glycogenase on stored glycogen 

(B) Action of the glucoside-splitting enzyme (Caldwell and Courtauld, 9, Henry 
and Auld, 13 ) This enzyme will act upon the glucoside, amygclahn, which is present 
111 bitter almonds, with the pioducticm of glucose, benzaldehyde and prus&ic acitl 
(see p 145) Into two small flasks (a] and (b) put the following 

(a) 20 c c of a 2 % solution of amygdahn + 20 c c of the filtrate from zymm 
(Z>) 20 c.c of the same solution of arnygdalm + 20 c c of the boiled filtrate fioui 
zymm 

Add a few drops of toluol to both flasks and then cork, inserting, with the cork, 
a strip of paper which has been dipped in solutions of picric acid and sodium 
carbonate (see p 146) Put both flasks in an incubator at 38 C for 12-24 hours The 
picrate paper in flask (a) will have reddened Add a little Fehlmg's solution to the 
liquid in the same flask and boil. The Fehling will be reduced The liquid m flask 
(i) will only reduce Fehling slightly [see Expt A (&)] and the picrate paper will not 
be reddened. 
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CHAPTER IV 

CARBON ASSIMILATION 

THE fact has all eady been emphasized that the plant synthesizes all the 
complex organic substances of which it is built from the simple com- 
pounds, carbon dioxide, water and inorganic salts The initial metabolic 
process and the one from which all others have their starting-point is 
chat of a synthesis of a carbohydrate from carbon dioxide and water 
This synthesis can only be carried out in the light, and only in a gieen 
plant, i e a plant containing chlorophyll Chlorophyll may almosl be con- 
sidered the chemical substance of primary importance in the organic world, 
for upon it depends the life of all plants and animals Animals depend 
for their existence on ceitam complex ammo-acids, some of which they 
are unable to synthesize for themselves and which they derive from 
plants Plants in turn are unable to exist except by virtue of the pio- 
perties of chlorophyll. 

The property of chloiophyll which is so mipoitant is the powei it 
possesses of absorbing the radiant energy of the sun's rays and converting 
it into chemical energy by means of which a carbohydrate is synthesized 
This summarizes the whole process, which, however, can scarcely be veiy 
simple, and probably consists of several reactions at present undifferen- 
tiated If the formula for carbonic acid is compared with that of a simple 
carbohydrate such as a tetrose, pentose or hexose, the following relation- 
ship is seen 

H 2 CO v -3-(H a CO) J . where a-=4, 5 or 0, 

that is, in the synthesis of a carbohydrate a reducing reaction must take 
place 

Many hypotheses have been formulated as to the nature of these re- 
actions The one which has most frequently been advanced suggests 
that formaldehyde is the first product of the synthesis from carbon 
dioxide and water which takes place m the green plant, that the re- 
action involves reduction with elimination of oxygen 

H 2 CO 3 =H 2 CO + C>2, 

and that this product is later condensed to form a hexose, 
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As the concentration of sugar increases in the cell, further condensation 
may take place to foim starch 

*(C b H 12 ( ,) = (CoH 10 oO+* H,o 

The facts in agreement with these views aie first, in most plants a 
volume of oxygen is given off approximately equivalent to the volume 
of carbon dioxide absorbed, secondly, in some plants staich, in other 
.sugar, is known to be produced during photosynthesis The detection 
of formaldehyde, either in Lho plant or in certain systems containing 
chlorophyll, as a proof of its formation during photosynthesis, has been 
shown to be invalid (see p 36) (Jorgensen and Kidd, 2). 

The value and significance of this reducing reaction is seen when it 
is realized that, by oxidation of the carbohydrates synthesized, energy LS 
produced to supply the needs of the whole metabolism of the plant 
(see p 5) 

In the chemical treatment of the subject of carbon assimilation, some 
of the chemical properties of chlorophyll will first be considered, and, 
later, its behaviour under certain conditions the chemistry, however, of 
the phenomenon itself is as yet unknown 

The following account, as for as it concerns chlorophyll, and the 
accompanying experiments are taken from a i esurne (Jorgensen and 
Stiles, 3) of the original work (Willstatter uncl Stoll, 1) upon which the 
entire knowledge of the subject is based 

CHLOROPHYLL. 

Our knowledge of the chemistry of chlorophyll has, within recent 
years, been set upon a firm experimental basis (Willstatter uncl Stoll, I ) 
The results which have been arrived at may broadly be summarized as 
follows 

In all plants examined the chloroplastids contain four pigments, of 
which two (termed respectively chlorophylls a and b) are gieen, and 
two are yellow. They occur in about the following proportions in fresh 
leaves 

(Chlorophyll a ... C D(5 H 72 B N 4 Mg ... 2 pts per 1000 
tChloropliyll6...C M H 70 (1 N 4 Mg. f 

(Carotin C 40 H 8a A M 



"jXanthophyll ... C d oH B8 O a | 

A point of great interest in connexion with chlorophyll is that it 
contains magnesium to the extent of 2 7 % but no o'l'her metal is present. 
Chlorophyll a, when isolated, is a blue-black solid giving a green-blue 
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solution in the solvents in which it is soluble, i.e. ethyl alcohol, acetone, 
chloroform, ether, carbon bisulphide, pyridme and benzene. Chlorophyll 
b, when isolated, is a green-black solid giving a pure green solution it 
has much the same solubilities as chlorophyll a. The two chloiophylls, 
however, can be -separated by their different solubilities in methyl 
alcohol Both can be obtained in microscopic crystals 

Carotin crystallizes in orange-red crystals, and xanthophyll in yellow 
crystals 

In .the chloroplastids these pigments occur mixed with various colour- 
less substances, fats, waxes, and salts of fatty acids 

When chlorophyll is spoken of, it will be understood to lefer to the 
green pigments and not to the yellow. 

The pure pigments, when isolated, are readily soluble in acetone, ether 
and benzene. When very thoroughly dried nettle leaves are treated' 
with pure acetone, no green colour is extracted, but if a few drops of 
water are added, the extract becomes green Also if acetone is poured 
on to fresh leaves, the pigment is extracted The explanation offered 
for these phenomena is that chlorophyll is present in a colloidal condition 
in the cell. This point will be considered again later (see p 35) 

The Common Nettle (Urtica) is the plant which has been used for 
material for the extraction of chlorophyll on a large scale, and it also 
forms very useful material for extraction on a small scale The pigment 
has been found to be unaltered by drying, and, since dried leaves involve 
far less bulk and dilution of solvents, material should be dried before 
using Some leaves (Elder and Conifers) are spoilt by drying From 
dried leaves pure solvents, such as petrol ether, benzene and acetone, 
extract very little pigment for reasons which will be mentioned later, 
but if the solvents contain a moderate amount of water, the pigment i& 
readily soluble About 80% Acetone is the best solvent The nettle 
leaves are removed from the stalks and laid on sheets of paper to diy 
When well air-dnecl they arc finely powdered, and the powder furthei 
dried at 30-40 C in an incubator The leaf-powder can be kept for a 
considerable time in a well-stoppered bottle. 

Expt 18 EsutraUion of pigment Tv\ o grams of leaf-powder arc sucked to a filter- 
paper on a small porcelain funnel and 2-3 c.c of 85 % acetone are added. This is 
allowed to soak into the powder foi a few minutes The fluid is then sucked through 
with the pump. The operation is repeated until 20 c c of the solvent have been 
added, when the powder is .sucked dry A deep blue-green solution with a red 
fluorescence is obtained which contains all the four pigments from the leaf. The 
acetone extract thus obtained is then poured into double the quantity of petrol ether 
contained in a separating funnel An equal quantity of distilled water is added, this 
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being poured gently down the side of the funnel in order to avoid the formation of 
emulsions In the course of a few minutes, the ether layer separates out and now 
contains the pigments The lower layer, which IH slightly green, is run off The 
addition of distilled water and^ subsequent lemoval of the lower layer is repeated 
about four times, in order completely to remove the acetone from the ether solution 
If the other solution should have become at all onmlfuhod, it can be cleared by 
shaking with anhydrous sodium sulphate and filtering 

The whole process should be repeated with anothei 2 gmh of leaf-powder and the 
pigment transferied to ether, since a solution in this solvent IH requned for later 
expeiiments 

Sicpt 19 Demonsti ation of the presence of chlorophylls a and b. Of the petrol 
ether solution from the last experiment, 10 c c aie shaken with 10 o c. of 92 / methyl 
alcohol Two layers are formed of which the petrol ether layer contains chlorophyll 
a, and the methyl alcohol layer chlorophyll 5 The solution of chlorophyll <t, is blue- 
green, while that of chlorophyll b is a purei green, but the colour diffeicnce between 
them is diminished owing to the presence of the yellow pigments, of which carotin 
is in the petrol other, and xanthophyll in the methyl alcohol 

As will be explained later, the green pigments of chlorophyll can be 
saponified by alkalis and are then insoluble in etheieal solution This 
method can be adopted to separate the green liom the yellow pigments, 
xanthophyll and caiotm 

JEapt 20 Separation of green and yellow pigments Shake 5 c c of an ether 
solution of the pigments (Expt 18) with 2 c c of 30 / caustic potash in methyl 
alcohol (obtained by dissolving 30 gms of potassium hydroxide in 100 c c of methyl 
alcohol *) After the green colour has reappeared, slowly acid 10 c c of water and 
then add a little more other On shaking the teat-tube, two layers are produced, of 
which the lower watery-alkaline one contains the saponified green pigments, while 
the carotin and xanthophyll are contained in the upper ethereal layer 

Expt, 21 Separation of the two yellow pigments The ethei layer obtained in 
the last experiment is washed with water in a separating funnel, and evaporated 
down to 1 c c It is then diluted with JO c c of petrol ether and uovt mixed with 
1C) c.c. 00 % methyl alcohol The methyl alcoholic layer is removed and the petrol 
ether layer is again treated with methyl alcohol and the methyl alcohol again 
removed Tins process is repeated until the methyl alcohol is no longer coloured 
The methyl alcohol contains the xanthophyll, the potrol ether the carotin 

Further accounts of the yellow pigments are given on p. 89 
The best known reactions of chlorophyll are those which take place 
with acids and alkalies respectively. 

Chlorophyll is a neutral substance, and, on treatment with alkalies, 
it forms salbs of acids, the latter being known as chlorophyllins Those 
salts are soluble m water forming green solutions which are not however 

1 The methyl alcohol must be very pure, otherwise tho alcoholic potash solution will 
become blown, and discoloured 
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fluorescent Chloiophyll a may be represented as the methyl phytyl 
ester of an acid chloiophyllm (phytol is a primary alcohol, see p 38) 

/COOCHj ,COOH 

C !2 H, ON 4 Mg/ C i2 H, ON 4 Mg< 

N COOC 2n H 3 ,, X COOH 

Chlorophyll a Clilorophyllm 

On tieatment in the cold with alkali, the ester is saponified, and the 
.ilkali salt of chlorophyllm is formed During sapomfication, there is a 
change of colour in the pigment, the so-called brown phase, followed by 
<\ return to green 

Expt 22 Sapomfication of a mutui e of the gteen pigments Pour a little of the 
ether solution obtained 111 E\pt 18 into a test-tube, and in a pipette take a little 
30 % solution of potafah m methyl alcohol Place the lower end of the pipette at the 
bottom of the test-tube and allow the potash to run in below the chlorophyll solu- 
tion At the iuteifa.ce between the solutions there appears immediately a brown- 
coloured layer which diffuses on .shaking In about ten minutes it changes back 
through an olive-green colour to puie green 

The chlorophyll has been saponified to the potassium salt of the acid chlorophyl- 
lm Thib salt is insoluble in ether, so if water is added to bring about a separation 
of the two layers, the green colour i& no longer present in the ethereal layer 

The change of colour on sapomfication is different for the two 
chloiophylls, the brown phase produced in the above mixture of chloro- 
phylls being due to a yellow phase produced by chlorophyll a, and a 
brown-red phase produced by chlorophyll b To demonstrate this the 
phase test (Expt. 22) may also be carried out sepaiately on the two 
chlorophylls 

E&pt 23 Sapomfication of Moiopkylls a and b separately The methyl alcohol 
.solution obtained in Expt 19 is transferred to ether as in Expt 18 Both the lattei 
and the petrol ethei solution of chlorophyll a arc saponified as in the previous 
experiment 

As already demonstrated the potassium salts of the chlorophyllms 
which are produced by sapomfication of the mixture of green pigments 
in the cold are not fluorescent By sapomfication of chlorophyll with 
hot alkali, isochlorophyllms are formed (see Expt 24 below) which are 
fluorescent 

On heating chlorophyllins with concentrated alcoholic alkalies, a series 
of decomposition products, phyllms (also, acids) are obtained by removal 
of carboxyl groups. The final phyllm has only one carboxyl group When 
this is removed, a substance, aetiophyllm, C^H^NiMg, is obtained which 
contains no oxygen (see Scheme 1, p 34). 

Another difference between the results of treating chlorophyll with 
hot and cold alkali is that in the foimer process the yellow pigments are 
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destroyed If then water is added after saponm'cation with hot alkali, 
and the solution is shaken up with ether, the ether will remain colourless 

When chloiophyll is tieated with acids, a different reaction takes 
place The chlorophyll changes in colour to olivc-gieen and loses most 
of its fluorescence The magnesium of the molecule is removed, being 
replaced by hydrogen, and the resulting product is termed phaeophytm 
(see Scheme 1, p 34). 

From phaeophytm a series of decomposition products have been 
obtained, which fall into two groups, the phytochlorms and the phyto- 
rhodms. The phytochlorms are olive-green in colour, and are derived 
from chlorophyll a, the plrytorhodms are red, and are derived from 
chlorophyll b The phaeophytms from the two chlorophylls are indis- 
tinguishable until the above decomposition products are obtained. 
(The original discovery of two kinds of chlorophyll was bi ought about 
by the differentiation of these decomposition products ) 

A nurnbei of phytochloims and phytorhodms have been identified 
and are designated by letters a, b, etc By employing a uniform method 
of treatment, however, two of these products, phytochloim e and phyto- 
rhodin g, can be secured 

The phytochlorms and the phytorhodms are of course magnesium-free 
compounds and can be obtained by the action of acid 011 the chlorophyllins 
and isochlorophylbns Phytochlorm e and phytorhodm g, in particular 
are obtained by the action of acid on isochloiophyllms, i.e. they are ' 
magnesium-free isochlorophyllms. They are formed by the addition of 
acid to the products of sapomfication with hot alkali ' 

The separation of the various phytochlorms and phytorhodms can be 
brought about by means of thuir different distribution between ether 
and hydrochloric acid each compound can be extracted from ether 
accoidmg to the concentration of the acid used 

Expt 21 The formation of pJii/toohloriti and pkytor/iodin. 5 oe of an ether 
nolution containing both chlorophylls <t and 6 are evaporated to drynoas in a test- 
tube in a wateff-bath, and the residue treated with 3 c c of boiling 30 % potash 
solution in methyl alcohol, and boiled gently for half a minute A liquid with a red 
fluorescence is produced which consists of a solution of the potassium aaltn of 
isodilorophyllins. The solution is diluted with double its volume of water, and 
concentrated hydrochloric aoid IH added until the solution is just acid. The liquid ia 
then shaken with ether in a separating funnel , the dissociation products produced 
by the previous treatment pans into the ether solution which thus acqmroH an 
olive-brown colour. 

The ether solution is shaken twice, each time with 10 c c. of 4% hydrochloric 
acid (sp. gr 1 02 i.e J2 9 c.c. strong acid: 87-1 cc. water), and the green-blue acid 
layer is separated and neutralized with ammonia and shaken with more ether, which 
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then contains in solution phytoclilorm e, the derivative of chlorophyll a The phyto- 
chlorm e gives to the ether an olive-green colour 

The ether layer remaining in the funnel, after the separation of the gi eon-Hue acid 
layer, is now extracted with 10 c c of 12 % hydrochloric acid (sp gr 1 06 i e 38 1 c c 
strong acid 61 9 c c water) The green acid solution so obtained is diluted with 
water and shaken with ether which then becomes coloured red and contains phyto- 
ihodin g, the derivative of chlorophyll b. 

If the phyllms are acted upon by mineral acids, they lose their 
magnesium in the same way as the chlorophyllms, and the series of 
substances obtained in this way are termed porphyrms Thus aetiophyllm 
will give aetioporphyrm C 31 H 3e N4 (see Scheme 1, p 34) 

The derivatives of chlorophyll which are free from magnesium, .such 
as phaeophytin, phytochlonn, phytorhodm, the vanous porphyrms, etc 
combine readily with the acetates of some metals such as coppci, zinc 
and iron, and they form intensely coloured, stable compounds The change 
of colour is so noticeable that the smallest traces of certain metals can 
be detected in this way Hence it is very difficult to prepare the 
magnesium-free chlorophyll unless the reagents are perfectly pure and 
all contact with certain metals is avoided 

Expt 25 Substitution of coppei foi magnesium in chlorophyll 2 c c of an ether 
solution of chlorophyll are shaken with a little 20 % hydrochloric acid (sp gi 1 10 
i e 62 4 c c strong acid 37 6 c c water), and then washed with water in a sepaiatmg 
funnel In this way is produced in ether .solution the magnesium-free chlorophyll 
derivative, phaeophytin The solution is evaporated down on a water-bath, and the 
residue dissolved in 5 c c of alcohol The solution is olive-green in colour This is 
heated and a gram of copper acetate or zmc acetate is added The colour changes 
back to a brilliant green, but without fluoiescence (if all the chlorophyll haw boon 
converted into phaeophytin). 

From the results of these recent investigations, it is now possible to 
write formulae for the two chlorophylls as follows . 

chlorophyll a (C, !a H g() O N 4 Mg) (COOCH. S ) (COOC ao H sl ,) 
chlorophyll b (C 12 H 2i . ! O 2 N, l Mg) (COOCH ti ) (COOC a) H, io ) 

from which it will be seen that the phytol component amounts to one- 
third of the weight of the chlorophyll 

From the analyses of chlorophylls from different plants, it was found 
that the phytol content varied, and plants which yielded littlo phyfcol 
most readily produced "crystalline chlorophyll," a form of the pigment 
which has been known for some considerable time to previous workers. 
The Cow Parsnip (Herademi Sphondylium), Hedge Woundwort (StacJtya 
sylvatica) and Hemp-nettle (Galeopsis Tetrahit) are plants which readily 
give crystalline chlorophyll. In this connexion it has been suggested 
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that the chlorophyll m plants is accompanied by an enzyme, chloiophyl- 
lase, which, in alcoholic mocha, brings c^bout alcoholysis of the chlorophyll, 
and replaces the phytyl by tho ethyl radicle The pioducts, foimeily 
known as crystalline chlorophyll, are now termed cnlorophylhdes 

(C dJ H J oON 4 Mg)(COOCH,)(COOC ao H w ) + C 3 Hr,OH 

= C a) H !0 OH + (C, 2 H M ON 4 Mg) (COOCH,,) (COOC 3 H r ,) 

Phytol Ethyl chlorophylhde 

* Similar chlorophyllides are produced by other alcohols In aqueous 
solutions chlorophyllase bungs about hydiolysis and the free acid 
chlorophylb.de is foiraed (see Scheme 2, p 34)- 

(C 32 H (!0 ON ll Mg)(COOCH l! )(COOC 20 H !() )4-Hp 



(Jblorophyllide 

Chlorophyllase is a very stable enzyme , it is not even destroyed by 
boiling in alcohol for a short time, but if leaves are boiled in water, the 
enzyme is destioyed 

Eaopt 20 Microscopic examination of ethyl chloi ophyllide Prepare sections of 
fiesli Heradeum leaves and mount them in a drop of 90 % alcohol. Leave the slide 
under a bell-jar containing a dish of alcohol Tho section slowly dries in tho course 
of half a day or a day It is then e \ammod under the microscope when thoio will be 
observed tho characteristic triangular and hexagonal crystals of ethyl chloiophylhde 
(crystalline chlorophyll) 

JS&pt 27 P) oduotion of methyl chlorophylhde v>i the leaf Sections may be used 
as in the preceding experiment, or a pieoe of a leaf may be employed In the latter 
case a test-tube with 4 c c of 75 / methyl alcohol ib taken and 1 gm of fresh leaf 
in added ,to it The loaf nrst becomes a darker green and then during the course of 
a few hours becomes yellowish, On holding the leaf to tho light there can be 
observed with tho naked eye a number of black points If sections of the leaf be cut 
and examined nudoi the microscope, these spots appear as aggregates composed of 
rhombohedral crystals, occurring in certain cells 

JSxpt 28 JKu'tratition oj ethyl eklorapkyllide Two grams of thy llemcletim leaf- 
powder are left for a day m a test-tube containing 6 cc of 5)0% alcohol The extract 
is then filtered through a small porcelain funnel and the powder on the filter washed 
with a little acetone The filtrate is mixed with an equal quantity of ethoi, and then 
with some water The ether solution is transferred to a separating funnel and 
thoroughly washed with water, and then concentrated on d water-bath to |r or 1 c c , 
and 3 c.c of petrol other are added, Ou standing, the elliyl chlorophylhde is pre- 
cipitated in tho form of crystalline aggregates. It is freed from yellow pigments by 
shaking with a little ether, and can bo further punned by redissolvmg in ether and 
precipitating again with petrol ether. 



29. The action of chlorophyllase Fresh leaves of a species rich in chloro- 
phyllase, e g. H&racleum or Galeopsia, are finely divided and put in a 70 % acetone 
solution, 3 c c of solution being used for every gram of leaf-powder. The chlorophyll, 
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[OH 



by means of the chlorophyllase, is hydrolyzed into phytol and the acid chlorophylhde 
This can be demonstrated after about a quarter of an hour if the (solution is diluted 
with water, tiansferied to ethei and shaken with 05 % sodium hydroxide The 
sodium hydroxide takes up more colouring matter the further the enzyme action 
has progressed 

Eoapt 30 The desti notion oj chlot ophyllase If fresh leaves of a species rich in 
chlorophyllase are first steeped in boiling water for a few minutes befoie they are 
placed 111 the acetone solution, unaltered chlorophyll is extracted which does not 
react with dilute alkali 

With acids >- 

(C 32 H 30 ON 4 Mg) (COOCHO (COOC, H 3 , t ) 
chlorophyll a 

I 

S (C 32 H 30 ON 4 Mg) (COOH) (COOH) 

chlorophyllm a 
and isochlorophyllin a 



interme diate phylhns 

C 31 H 34 N 4 Mg 
aetiophyllm 



f C^ II f\ M \ / /*** 1~\ f~\ /"* LJ 

( > L/j2n i j 2 UIN 4 j (^OUUt/H 

phaeophytm a 

(C3 2 H, 2 ON 4 ) (COOH) (COOH) 

phytochlorm e 
and phytochlonns/and g 

- intermediate porphyrms 
aetioporphyrin 



Scheme 1 
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II 
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TJ 
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phaeophorbide a 
(N 4 C i2 H, 2 O) (COOCH.-j) (COOH) 



By treatment with acids, magnesium is removed from the clilorophyl- 
lides, with the production of the corresponding phaeophorbidcs. Tims 
methyl clilorophylhde a gives methyl phaeophorbide a, etc, (see 
Scheme 2, above) 

It has been previously mentioned that water-free solvents, such as 
acetone, ether and benzene, in which pure extracted chlorophyll is 
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soluble, will not extract the pigment from thoroughly dried leaves, but 
if a little water is added, it loadily goes into solution From fresh leaves 
also these solvents can extract the pigments 

As an explanation of the above phenomena, it has been suggested 
that chlorophyll in the chloroplastid is in the colloidal state, and that, 
when water is added to the dried leaf, a solution of mineral salts in the 
leaf is formed which alLeis the colloidal condition of the chlorophyll and 
makes it soluble. This view is suppoited by the fact that if a colloidal 
solution of chlorophyll m watci, made fiom. the pure exti acted pigment, 
is shaken with ether, the ether remains colourless If, however, a little 
salt solution is added and the mixture shaken, the ethereal layer 
becomes green In preparing the colloidal solution the solvent, acetone, 
is leplaced by the medium, water, m which chlorophyll is insoluble 

The condition of chlorophyll is altered by plunging the leaves into 
boiling water The pigment is then much more readily soluble in ether, 
etc , even when the leaves are subsequently dried It is supposed that 
the chlorophyll has diffused out from the plastids, and is m true solution 
in accompanying waxy substances which have become liquid owing to 
change of temperature. 

Krpt 31 Piepamtion of a colloidal solution of chlorophyll Take 10 c c of an 
acetone extract of chlorophyll (Expt, 18) and pour this acetone Holntion into a large 
volume of distilled water (100 c c.), the liquid being continually stirred This opera- 
tion can be most conveniently done by taking the acetone .solution in a pipette and 
allowing it to run out of the pipette while the latter is used aw a .stirring rod in the 
watei. Note the change in colour to a purer green, and the disappearance of 
fluorescence 

Expt 32 To demonstrate the difference between a true and a colloidal solution of 
chlorophyll Evaporate 10 e c of an acetone extract (Expt. 18; to complete dryness 
and test its solubility in ether, petrol other and benzene It is .soluble in all three 
solvents Now add those solvonlH to Home of the colloidal solution prepared in the 
last experiment, and note that the chlorophyll does not dissolve in any of these 
solvents If, however, .some salt solution, o.g. a little magnesium, sulphate, bo added, 
the chlorophyll is precipitated from its colloidal state and IN now soluble in ether 
and other solvents. 

Expt 33. To i>/iow that chlorophyll in the plant is prolxMy in the colloidal 
condition Some nettle powder IN carefully dried, e g. by keeping it at 30-40 C. m an 
oven, and then further drying in a vacuum desiccator over sulphuric aud. Small 
quantities of this dry powder are put in test-tubes, and different pure water-free 
substances such as acetone, ether, benzene and absolute alcohol are added Note 
that those solvents are not coloured by the chlorophyll. It can bo demonstrated that 
the extracted pigment is easily soluble in any of those substances Repeat the experi- 
ment with nettle powder moistened with a few drops of water, and note that the 
solvent's are immediately coloured. 



36 CARBON ASSIMILATION [OH 

Evpt 34 Pure solvents are able to exti act chlorophyll ft om fi esh leaves Crush 
10 gm& of fresh leaves of nettle, horse-chestnut or elder in a mortar \\ith some clean 
sand, and put the crushed material on a filter-paper m a poicelam funnel Add 
20 c c of pure acetone and suck it thiough by means of a water-pump Repeat this 
several times The puie solvent is heie able to extract the pigment 

Expt 35 Treatment of fresh leaves with bothng water changes the condition of 
the chloiophyll Dry a quantity of leaves which have been put in boiling water and 
examine their solubility as in Expt 33 Note that the chlorophyll m this powder is 
soluble m pure solvents 

There is finally another change which chloiophyll can undergo, 
namely that of allomenzation, which takes place in alcoholic solution 
The characteristic of allomenzed chlorophyll is that it does not give the 
brown phase when treated with alkali (see Expt 22) Allomenzation is 
accelerated in alkaline solution but inhibited by small quantities of acid 

Escpt 36 To demonstrate that allomeiized chloroph/jll doeh not give the brown 
phase test Dissolve a little crude chlorophyll, obtained by evaporating an ether 
solution, in absolute alcohol To a sample of this add a little alkali, and perform the 
phase test, from time to time, till at last the brown phase no longer appears 



CONNEXION OF CHLOROPHYLL WITH FORMALDEHYDE 

In addition to the above, another chemical property of chlorophyll 
of great interest, is that connected with the production of formaldehyde 
Those investigators, who have sought to confiim the formaldehyde 
hypothesis of carbon assimilation, have based their evidence on tests for 
formaldehyde both in the plant and m chlorophyll- containing systems 
outside the plant By exposing films, or solutions, of chlorophyll to light 
in presence of caibon dioxide, they have detected formaldehyde as a 
result (Usher and Priestley, 5) 

The most recent investigations (Jorgensen and Kidd, 2) have shown 
that the experimental evidence is at present inadequate to support the 
hypothesis, since formaldehyde arises from chlorophyll itself in the 
absence of carbon dioxide 

In this latei work (Jorgensen and Kidd, 2) on the behaviour of ex- 
tracted chlorophyll in light, use has been made of a colloidal solution (see 
p 35) of pure chlorophyll (chlorophylls a and &) f'oi expeimiental work 
The solution for this purpose must be prepared from pure chloiophyll, 
which has been tested and shown to be free from yellow pigments, since 
the latter absorb oxygen and may confuse the issue of the experiment. 
The pure chlorophyll is prepared by extracting dried nettle leaves with 
80-85 / acetone m the usual way and transferiing to petrol ether (p 28). 
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The petrol ether extract is then washed with 80 % acetone to remove 
colourless impurities, and with 80 / methyl alcohol to remove xantho- 
phyll Finally all traces of acetone and methyl alcohol are removed by 
washing with water This renders the chlorophyll insoluble m petrol 
ether, since it is only soluble in this solvent if traces of other solvents 
are present Hence the pigment is precipitated out as a fine suspension, 
leaving the carotin in solution. The chlorophyll is filtered off through 
powdered talc, taken up m ether, reprecipitated by petrol ether and 
finally obtained as a blue-black micro-crystalline substance The col- 
loidal solution 01 sol is made by dissolving 0'4 gm of pure chlorophyll in 
See of absolute alcohol and pouring into 300 c c of distilled water 

The advantage of using such a solution is that the experimental 
conditions, in all piobabihty, approach more nearly to the conditions in 
the plant, and reactions with other substances take place more readily 
than when the chlorophyll is used as a film The use of puie, instead of 
ciude, chlorophyll is also important as by this means it is possible to 
determine the changes taking place in chlorophyll itself without complica- 
tions arising from the accompanying impurities The discordant results 
of various workers on this subject are doubtless due to the employment 
of crude chlorophyll Ethyl alcohol is the best solvent for preparing 
the sol since it does not produce formaldehyde when exposed to light 
under ordinary circumstances in glass vessels Methyl alcohol and 
acetone should be avoided as they themselves either contain or give rise 
to formaldehyde 

The chlorophyll sol is electro-negative It is stabilized by weak 
alkalies, but precipitated by weak acids 

Working with such a colloidal solution the results may be summarized 
as follows 

When a chlorophyll sol is exposed to light in an atmosphere of 
nitrogen in a sealed tube, no apparent change takes place m the, chloro- 
phyll, and no formaldehyde is produced 

When exposed in an atmospheiu of carbon dioxide m a sealed tube, 
the chlorophyll rapidly turns yellow- or brown-green In the case of 
sols of high concentration, the colour-change is preceded by precipitation 
of the pigment. The same change takes place in fcho dark, only more 
slowly. No formaldehyde is produced, and no absorption of carbon 
dioxide could be detected. The yellow product has been shown to be the 
magnesmm-froe derivative, phaeophytin, which is produced from the 
pigmen t by the action of acids. The changes observed are explained by 
the fact that the carbon dioxide, acting as a weak acid, first precipitates 



38 CARBON ASSIMILATION [OH 

the sol, if concentrated, and then acts, like other weak acids, on the 
chlorophyll, producing phaeophytm If the solution is kept neutial by 
addition of sodium bicarbonate, there is no coloui change The identity 
of phaeophytm was shown by the spectrum and by the restoration of 
colour on adding a trace of copper acetate 

When exposed to light, and the atmosphere in the sealed tube is 
replaced by oxygen or air, the chlorophyll tuins yellow- or brown-green 
as before and then bleaches The change of colour from green to yellow 
or brown is again due to' the formation of phaeophytm, this being brought 
about by the presence of an acid substance, which is produced duimg 
bleaching, and increases throughout the process Foimaldehyde can be 
detected in a very slight amount during bleaching, but is formed in 
much greater quantity after bleaching is complete 

It is suggested that the formaldehyde is produced by the oxidation 
and breaking down of the phytol component of the chlorophyll 

CH 3 CH CHCH CH CH CH CH C = C CH 2 OH 

I ! I I I I I I I 

CHg GH'j CH.J CH-j CHg CHj GHij CHj GH,; 

There is no reason for ascribing to any of the above reactions any 
part in carbon assimilation Theie is at present no hypothesis, supported 
by satisfactory evidence, as to the process of carbon assimilation 

Expt 37 Detection of formaldehyde at, a product of oxidation of chlorophyll 
Extract 2 gms of dried nettle leaf powder Avith 20 c c of 80 % acetone and transfer 
it to petrol ether as in Expt 18 Then shake the petrol ether exti-aet four or live 
times with an equal volume of 80 / acetone to remove colourless impurities Next 
the petrol ether extract is similarly shaken up with 80% methyl alcohol which 
removes the xanthopbyll This should be repeated until the methyl alcohol is 
colourless The petrol ether is finally washed repeatedly with watei to remove traces 
of acetone and methyl alcohol The chlorophyll is m time precipitated an a line 
suspension, being insoluble in pure petrol ether This suspension IH filtered through 
either kieselguhr or powdered talc on a .small porcelain filter The chlorophyll is 
extracted fioin the powder on the filter with as small a quantity as possible of 
absolute alcohol This alcoholic solution is then poured, with constant stirring, into 
100 c c of distilled watei by which means a colloidal solution of chlorophyll is 
obtained 

The test to be employed for formaldehyde la as follows (Schryver, 4) To 1C) c,c of 
the liquid to be tested add 2 c c of a 1 % solution (freshly iimdo) of phonylhydimme 
hydrochlonde, Ice of a 5% solution (freshly made) of potassium femcyamdo and 
5 c c of concentrated hydrochloric acid If formaldehyde is present a pink to 
magenta colour IH developed, either deep or pale, according to the quantity of form- 
aldehyde The reaction is due to the formation of a condensation product of 
formaldehyde and phenylhydrazme, and this compound, on oxidation, yields a weak 
base forming a coloured salt with concentrated hydrochloric acid The salt is 
readily dissociated again on dilution of the solution 
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Two modifications (Schiyvcr, 4) can bo adopted in applying this test Fu&t, in 
testing foi foi maldehyde in pigmontcd solutions, the following course fan be pursued 
The icaction mixture, after addition of phenylhydrazine, feriicyanide and hydro- 
chloric acid, is diluted with water, and other is added in a separating funnel The 
hydrochlonde of the chromatogenic base is dissociated and the base is taken up by 
the ether The aqueous solution ih run off, and on addition of strong hydrochloric 
acid to the ether, the base passes into the acid as a coloured hydrochlonde again 
By using a small quantity of acid, the sensitiveness of the test is increased, smco the 
colour is now distributed through a small quantity of liquid only 

The second modification consists in warming the solution to bo tested for 
a short time with the phenylhydrazme hydiochloride before adding the other 
reagents In this way, formaldehyde can also be detected if it should be in a poly- 
merized form 

As a control, 10 c c of the colloidal solution of chlorophyll should be tested, 
using both the above modifications The remainder of the solution should be 
exposed to sunlight (or the light from either an arc or mercury vapour lamp) in a 
loosely corked vessel, until it is completely bleached The bleached solution, on 
testing, will be found to give a positive tost for formaldehyde 



THE YELLOW PLASTID PIGMENTS 

These have ah early been mentioned m connexion with the leaf 
pigments (pp 28 and 29) In addition, however, they have a further 
significance in bhat they constitute the pigments, located in plastids, 
of most yellow and orange flowers and fruits Sometimes also they occur 
in other organs, i e root of Carrot (carotin). 

Carotin, Cj H ra i, is an unsaturated hydrocarbon It crystallizes in 
lustrous rhoinbohedra which are orange-red by transmitted and blue by 
reflected bght. It is readily soluble in chlorofoim, benzene and carbon 
bisulphide, but with difficulty in petrol ether and ether 

One of its most characteristic properties is that it readily undergoes 
oxidation in air, and becomes bleached With concentrated sulphuric 
acid it gives a deep blue colour. 

Xan.thoph.yll, C.,oH M 2 , also forms yellow crystals with a blue 
lustre. It is soluble m chloroform and ether, but insoluble in petrol 
ether. It is more soluble than carotin in methyl alcohol It gives 
a blue colour with sulphuric acid, and also oxidises in air with bleaching 

The sepaiation of the two pigments (see Expt 21) is based on the 
fact that m a mixture of petrol ether and methyl alcohol containing a 
little water, the carotin passes entirely into the petrol ether, whereas fche 
greater part of the xanthophyll remains in the methyl alcohol layer. 
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CHAPTER V 

CARBOHYDRATES AND THEIR HYDROLYZING ENZYMES 

THE carbohydrates which occui in plants may bo classified as 
follows 

fPentosos, C B Hj n O B Aiabmose, xylose 

Monosacchandes JHexoses, C fi H ia O (1 Glucose, galactosc, 

I mannose, laevuloso 

Disacchandes ., {Sugrose, maltose, C 12 H 22 Ou, 

Trisaccliandes {Raffinose and others. 

(Tentosans, (C B H 8 4 ) n Araban, xylan 
Staichcs, (C 8 H 10 B ) n Starch, dextrin, mulm 
Polysacchandcs . . ; Mannans, galactans, gums, mucilages, 
I pectic substances 

[Celluloses, (C H 10 B ) n 

The carbohydrates are widely distributed in plants and form most 
important parts of their structure Those most commonly found are' 
cellulose, starch, pentosans, dextrin, glucose, sucrose, laevulose, and 
maltose Other sugars, especially trisacchandes, are known in addition 
to those mentioned above, but they are somewhat restricted and specific 

in their distribution 

' 

As in the ca ,ie of the proteins, so with the carbohydrates, the molecules 
of the more simple and soluble crystalline compounds, such as the 
monosaccharides, are synthesized into more complex molecules which 
exist, either in the colloidal (dextrin), or insoluble state (starch, cellulose) 
The lasVmentioned build up parts of the solid structure of the plant 
The resolution of the solid complex substances into simple ones is 
known in many instances to be bi ought about in the plant by enzymes, 
and it is highly probable that the synthesis of the complex from the 
simple is also controlled by these enzymes 

The most commonly occurring sugars in plants arc glucose, laevulose, 
sucrose and maltose sucrose is hydrolyzod by the enzyme, mvertase, 
into one molecule of glucose and one molecule of laevulose maltose by 
the enzyme, maltase, into two molecules of glucose Both jnvortase and 
maltase are widely distributed* The connexion between various sugars 
and photosynthesis, and their ml er-relationshrps wifch each other in the 
loaves, are reserved for another section. 
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Of the polysaccharides, cellulose is umvei sally distributed in higher 
plants and constitutes the gieatei part of the cell-walls The pentosans, 
galactans and maiirians also, but to a lessei degiee, are components of 
their structuie Starch, in addition, is veiy -widely distributed it is 
coiivei ted by the enzyme, diastase, into dextrin and maltose, and possibly 
the feaiiic enzyme also controls its synthesis In some plants no starch 
is formed, and its place in metabolism is taken by mulm or cane-sugar 

The vanons carbohydrates will first be dealt with m detail, and later 
their inter-relationships will be considered 

MONOSACCHARLDES 

These are teimed tetioses, pentoses or hexoses accoiding to the 
number of carbon atoms in the molecule. They contain primary 
( GH/JH) or secondary (= CHOH) alcohol groups, and either an 
aldehyde ( CHO) group, as in glucose, 01 a ketone (=C= 0) group, as 
in laevulose They aie, as a class, white crystalline substances, soluble 
in water and aqueous alcohol, but insoluble in ether, acetone and many 
other organic solvents They are capable of certain characteristic 
chemical reactions which form a basis for then detection and estimation. 
One of the most important is that connected with the aldehyde and 
ketone groups, owing to which they act as reducing agents, being them- 
selves oxidized The reducing action usually employed is that which 
takes place with copper salts in hot alkaline solution, wheieby cuprous 
oxide is formed. Hence they are termed "reducing" sugars. Another 
important reaction is the formation of crystalline osazones (only in the 
case of sugars with aldehyde or ketone gioups), which, by virtue of 
their melting points and characteristic crystalline forms, constitute, in 
several cases, \aluable tests for the presence of sugars 

PEXTOSER. 

These sugars contain five carbon atoms, and have the general formula 
C S H W O S . They are said to be present in the free state to some extent 
in leaves (Davis and Sawyer, 10) In plants they occur chiefly, however, 
as condensation products formed with elimination of water. These 
products are termed the pentosans, and are widely distributed, on 
hydrolysis they yield pentoses again The various gums found in plants 
consist largely of pentosans, and the pectins also contain pentose groups, 
both consequently yield pentoses on hydrolysis (see pp 61 and 64). 
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If we examine the stiuctural formuU of a pentose, as for example, 

arabinose 

H c = o 

HOC* H 

I 
H C*-OH 

j 

H C# OH 
H_ C H 
OH 

we see that each of the three carbon atoms marked * is united to four 
different atoms or groups of atoms Each of these carbon atoms is there- 
fore asymmetric, and, with regard to it, there are two possible isomers 
(see p 9, Cole, 3, for stereoisomerism) It will be found on examination 
that there are eight possible isomers of the formulae given above 
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Of fchoso only seven have been, isolated. The fcwo pentoses which 
occur in plants are 2-arabinose and ^-xylose These, however, aro known 
almost solely as condensation products, pontosans, in gums, woody tissue, 
etc The pentoses form osazoncs (see p 49 for reactions and composition). 

Arabmose. This sugar occurs as the" pentosan, araban, in various 
gums, such as Cherry Gum, Gum Arabic, etc (see p 45). 

Some of the properties and reactions of the pentoses are demonstrated 
in the following experiments 



44 CARBOHYDRATES AND THEIR [OH 

JBaspt 38 Tests for arabmose For reactions a-e use a 1 % solution of arabmose 
for reaction / a 2 / solution 

If pure arabmose is not available, a solution for tests a, b and c can be prepared 
from gum arable Boil 5 gms of the gum in 1 00 c c of water with 10 c c of con- 
centiated hydrochloric acid foi 5 minutes and then neutralize to litmus with alkali 
Such a solution is only suitable foi the specific tests for arabmose, since it also 
contains galactose (see p 61) For tests a, b and c small pieces of solid gum arable 
may even be used 

(a) Heat a few c c of the sugar solution in a test-tube with about half its volume 
of concentrated hydrochloric acid In the mouth of the test-tube place a piece of 
filter-paper soaked with aniline acetate (made by mixing equal quantities of aniline, 
water and glacial acetic acid) A pink colour will be produced in the paper This is 
due to the fact that furfural is formed by the action of the acid on the pentose, and 
the fmfural then gives a red colour with aniline acetate solution 

OH H 

| I CH=CH 

CH CH OH _ \ 

j o H iH 2 U - ^/U 

CH C< CH = C 

I 1 V_o \ 

I I O = vJ XQ , Q 

'OH H | I 

H H 

Arabmose Furfural 

This reaction, however, is also given by the hexoses but to a much less 
extent 

(6) Warm a few c c of the sugar solution with an equal volume of concentrated 
hydrochloric acid in a test-tube, and add a small quantity of phloroglucm A bright 
red coloration is produced 

(c) To a few c c of the sugai solution in a test-tube add aii equal quantity of 
concentiated hydrochloric acid, and then a little solid orcmol Divide the solution 
into two equal portions. Heat one portion The solution will become red changing 
to violet and finally blue, blue-green or green To the other portion, after heating for 
a time, add a few drops of 10 % ferric chloride solution A deep green colour IN at 
once produced In both cases, on the addition of a little amyl alcohol, the groon 
colour will be extracted by the alcohol 

(d) a-Naphthol reaction Add to a little of the sugar solution a few drops of a 
1 / solution of a-naphthol in alcohol Mix the two solutions and then run in aboufc 
5 c c of concentrated sulphuric acid clown the side of the test-tube A \iolet colora- 
tion is produced at the junction of the two liquids. The coloration is due to a 
condensation product of a-naphtliol with furfural, the latter being formed by the 
action of the acid on the carbohydrate This leaction is hkowiNO givou by laovuloso 
and cane-sugar (since it yields laevulose, see p 52), and less stiongly by glucose and 
maltose , also by some piotems which contain a carbohydratp group 

(e) Boil a little of the arabmose solution with a few drops of Fehhng'H solution 
Reduction will take place 

( /) Make the osazone of arabmose following the instructions given for glucosazoao 
(see p 49) 
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A solution of arabmoso which will give the pentose reactions can also 
bo obtained by hydrolysis of Cherry Gum The gum oozes from the bark 
of vaiious species of Pnttius, such as the Cheny (Primus Cerasus) and 
the Bird Cheny (P Padns) 

Eapt 39 Prepm ation ofai abvtiose solution ft om Cherry Gum The gum is heated, 
on a water-bath in a round-bottomed flask fitted with <m air condenser 1 , with 
dilute sulphmic acid (1 pt by wt of gum 7 pis by wfc of 4 % bulphuric acid) for 
about 5 horns The solution is then neutralized with calcium caYbonate and nlleicd 
Pei form the tests a, b and c of Expt 38 on the solution A positive lesult us obtained 
in each case Since the solution contains other wugais as impurities, it cannot con- 
clusively Le used for testa d, e and/ If a considerable quantity ol gum IH available, 
crystallization of arabmose should be attempted by concentrating the aqueous sugar 
solution, extracting this with 90% alcohol and again concentrating in a desiccator 
(see p 53) If a very small quantity of gum only is available, the tests <i y b and c 
should be performed directly on a small piece of the gum in a test-tube 

A puier preparation of arabmose, which may be used for all the tests 
of Expt 38, can be obtained by the hydiolysis of araban (see Expt 48) 

Xylose This sugar occurs very widely disti ibuted in woody tissue as 
the pcntosan, xylan (see p 53). A solution of xylose which will give the 
pentose reactions can be obtained fioin the hydrolysis of stiaw 

Expt 40 Prepaiation of xylose solution from t,t>aw Take about 50 gm^ of straw, 
which has been cut up into small pieces, and put it into a round- bottomed flask 
fitted with an air condenser Add sufficient 5 / sulphuric acid to cover the straw 
and heat on a water-bath for 2-3 hrs Filter off the solution, neutralise with 
calcium caibonate and filter again Make with the solution the tests a and c of 
Expt 38 The solution will also reduce Folding's solution strongly, but thus reduction 
may be partly duo to other sugars formed in the hydrolysis 

The presence of xylan giving the peutone reactions can also be demonstrated in 
straw, bran or sawdust by merely heating small quantities of these substances in a 
test-tube with the above reagents (see Etpt 49) 

A purer solution of xylose can be obtained from the hydrolysis of 
xylan (see Expt 51). 

When xylose is oxidized with bromine, it yields xyloriic acid which 
has a characteristic cadmium salt. The formation of this salt is used as a 
method for identifying the sugar (see Expt 51) 



Glucose. This substance, which is also known as grape-sugar, is very 
common and very widely distributed in plants. It occurs in the tissues 
of leaves, stems, roots, flowers and fruits It is produced as a result of 

1 i e a wide piece of glass tubing about 3 ft long passing through the coik 
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the hydrolysis of cane-sugar and maltose, and, in all probability, is the 
first sugar synthesized from carbon dioxide and water Its synthesis and 
its relationships to other sugars \vill be discussed later (see p 69). It is 
a white crystalline substance, readily soluble in water and aqueous 
alcohol, but only slightly soluble in absolute alcohol 

If, as m the case of a pentose, we examine the structural formula for 

a hexose, such as glucose 

H C = O 

HC* OH 
HO C*~ H 
H C* OH 
H C* OH 
H C H 
OH 

we see that there are foui carbon atoms marked * which are united 
to four different groups of atoms It will be found in this case that there 
are sixteen possible isomers 
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Those four unknown 

Though many of the above sugars have been synthesized artificially, 
only three are known to occur naturally, i e <i-glucose (dextrose or grape- 
sugar), rf-mannose and cZ-galactose 

Since compounds containing asymmetric carbon atoms are optically 
active, i.e can rotate a plane of polarized light, it follows that the sugars 
under discussion are optically active 

rf-glucose is dextro-rotatory 

When either d- or ^-glucose is first dissolved in water, it is chemically 
less active than would be expected of the aldehyde form depicted above. 
This is explained by assuming that glucose, when first dissolved in water, 
exists m the condition of a 7-lactone 
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[OH 



In the above state the carbon atom marked * is also asymmetnc so 
hat two forms of glucose are possible, a- and /3-glucose 

HO C OH H C H 





H C OH 



H C OH 



CH 2 OH CH 2 OH 

a-Glucose /3-Glucose 

In solution, both the above forms pass by tautomensm into the 
'dehyde form 

In the plant there are, as will be described latei (p 142), many aromatic 
id other compounds containing one or more hydroxyl groups These 
ydroxyl groups of the aromatic substances are frequently replaced by 
glucose (or other sugar) molecule, and such compounds are termed 
kicosides, as, for instance, salicin, the glucoside of salicylic alcohol which 
icurs m Willow bark (see p 152) 




CH 2 OH 

Salicin 

These substances, moreover, may be classified either as a- or /9- 
ucosides accoiding to which of the above a or /3 forms of glucose 
mbme with the lesidual part of the compound Various glucosides will 
j dealt with in Chaps VII and IX. 

Expt 41 Tes&for glucose. Before dealing with the sugars actually isolated from 
e plant, it is advisable that the following tests and reactions should be perfoiruod 
th pure glucose using a 2 % solution, 

(a) Moore's test Boil a little of the glucose solution with an equal volume of 
ustic soda solution A yellow colour is developed which is due to the formation of 
;ondensation product (caramel) of the sugar. 
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(ft) Trammer's test Add a few drops of a 1 % copper sulphate solution to 2-3 c o 
of 5 / caustic soda solution A blue precipitate of cupric hydroxide is foimed Add 
now 2-3 c c of the glucose solution, and the piecipitate will dissolve On boiling, 
the blue colom disappears, and a yellow or rod precipitate of cuprous oxide is formed 
If only a little sugar is present the blue colour will disappear, but no oxide may 
be formed 

(c) Fehlincfs test Boil a few c c of freshly made Fchhng's solution m a test-tube 
and note that it is unaltered Then add an equal quantity of the glucose solution 
and boil again A red piecipitate ol cuprous oxide is formed 

(d) Osazone tet>t Take 10 c c of a 5 % solution of glucose in a test-tube and 
add as much solid phenylhydrazme hydrochloride as will lie on a sixpenny piece, 
at least twice as much solid sodium acetate and also Ice of strong acetio acid 
Warm gently until the mixture is dissolved and filter into another test-tube Then 
place the tube in a beaker of boiling water for at least % hour, keeping the water 
boiling all the time Let the test-tube cool slowly, and a yellow crystalline deposit 
of phenylglucosazone will (separate out Examine this undei the microscope and it 
will be found to consist of fine yellow needles variously aggregated into sheaves and 
rosettes Glucosazone melts at 204-205 U 

The osazone reaction lakes place as follows 



H N NHC () 
Glucose phenylhydrazone 

The phenylhydrazone is very soluble, but if an excess of phenyl- 
hydrazme is used, a second hydrazme complex is introduced and an 
insoluble osazone is formed 

CH a OH(CHOH) 3 CCH N NHC H r , 



Glucose reacts in this way by virtue of its aldehyde group Phenyl- 
hydrazme hydrochloride does Hot give an osazone when boiled with 
glucose unless excess of sodium acetate be added This acts on the 
hydrochloride to form phenylhydrazine acetate and sodium chloride 

Galactose. Galactose rarely, if ever, occurs 1'ree m plants, though it 
is fairly widely distributed in the form of condensation products, the 
galactans, m combination with other hexoses and with pentoses (see p 60). 
These galactans form constituents of various gums, mucilages, etc. 
Agar-agar, which is a mucilage obtained from certain genera of the Red 
Seaweeds (Khodophyceae), yields a high percentage of galactose on 
hydrolysis with acids Galactose also occurs as a constituent of some 
glucosides from which it may be derived on hydrolysis. 

One of the most important reactions of galactose is the formation of 
miicic acid on oxidation with nitric acid. Mucic acid is practically 
insoluble in water and separates out as a crystalline precipitate on 

nonrniD 1 thp -nrnrlnphei nf rwirlafmn Tni-n ^vitaac, nf -.TT.-. </>. 
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Expt 42 Prepaiatioti of galactose from agar-agai Weigh out 50 gms ofagar- 
agar Put it into a round-bottomed flask fitted with an air condenser (see p 4f>) 
Add 500 c c of 2 % sulphuric acid and heat on a water-bath for 4 hr& Neutralize 
the solution with calcium carbonate and filter Concentrate on a watei -bath to a 
syrup On standing, crystals of galactose will separate out Then add a little 50-75% 
alcohol and warm gently on a water-bath By this means much of the dark-coloured 
product will go into solution and can be poured off leaving the crystalline lesidue 
Take up this lesidue in a little hot \\ater, boil well with animal charcoal to decolorize 
the solution and filter Conceutiate again on a water-bath On cooling, colouiless 
prisms of galacto&e will sepaiate out 

Expt 43 Ox%daticm of galactose to muoic acid He,it the galacto&e obtained in 
the last experiment with nitric acid (1 gm galactose to 12 c c of nitric acid of sp gr 
1 15, i e 5 pts of concentrated acid and 12 pts of water) on a water-bath, until the 
liquid is reduced to one-third of its bulk Then pour the product into excess of 
distilled watei On standing (for a day 01 two), a white sandy microcryatalhne preci- 
pitate of nrucic acid "will separate out 

Mannose. Mamiose has not been detected free in many plants, but 
is widely distributed as condensation products, the mannans, in certain 
mucilages and in the cell-walls of the endosperm of various seeds 
(see p 59) From the mannans the sugar can be obtained by hydrolysis 
On adding phenylhydrazme hydrochloride and sodium acetate to a 
solution of mannose, the phenylhydrazone, which is neaily insoluble m 
watei, is formed almost immediately and hence constitutes a ready 
method for the detection of the sugar 

Laevulose. This sugar, which is also termed fructose, is widely 
distributed in plants, in the tissues of leaves, stems, fruits, etc It is 
formed, together with glucose, in the hydrolysis by acids of cane-sugar. 
The original cane-sugar is dextro-rotatory, whereas laevtilose is more 
laevo-rotatory than glucose is dextro-rotatory , hence the mixture from 
the hydrolysis is laevo-rotabory and is known as invert sugar, the change 
being termed inversion The same hydrolysis is brought about by the 
widely distributed enzyme, mvertase The polysacchande, inulin, also 
yields laevulose on acid hydrolysis Laevulose is a white crystalline 
substance, soluble m water and alcohol Unlike glucose, it contains a 
ketone instead of an aldehyde group 

CH 3 OH 



HO~-C H 
H-C OH 
H C OH 
CH 2 OH 
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Laevulose reduces Fclilmg's and other copper solutions It yields 
the same osazonc as glucose with phenylhydrazine hydrochloride and 
sodium acetate It also forms an osazone with methylphenylhydrazme 
(m.p 158 C ), a reaction which constitutes a distinction from glucose 
since the latter gives no osazone with this substance. 

Escpt 44 Testi> foi laevulosa The following tests should be performed with a 
2 % solution of laevuloae in the same way aH for gluco.se (see p. 48) 
(.) Mooi e's test A positive i esult is obtained 
(ft) Ti ommer's test A positive result is obtained 
(c} Fehhng's test "Reduction takes place 

(d) Osazone test Note that the crystals are identical with those formed from 
glucose 

(e) a-Naphthol test (sec p 44) A strong reaction is given 

(/) Sehwanoft't* test To 5 cc of SchwanofFs solution (prepaied by dissolving 
005 gm of resoroinol in 100 cc of 1 111 2 hydrochloric acid) add a few drops of 
laevulose solution and boil A red coloration and a rod precipitate are formed Add 
a little alcohol and the precipitate forms a rod solution 

DlSACCIIARIDES. 

These sugars are formed from the monosacchandes by condensation 
with elimination of water By boiling with dilute acids, or by the 
action of certain enzymes, they are hydrolyzed into inonosacchandes 
The two most important disaccharides found in plants are maltose and 
cane-sugar 

Maltose. Maltose or malt-sugar, though it probably occurs in smallci 
quantities than glucose and laovulose, is widely distributed in plant 
tissues It is formed in the hydrolysis of starch, and its relationships in 
the plant to starch and to other sugars will be considered later. It is a 
white crystalline substance soluble m water and alcohol In constitution 
it is a glucose-a-ghicoside 

CoHuOs C~H 




CH 2 OH 

Maltose 



It reduces Fehlmg's solution, but less readily than glucose. With 
phenylhydrazine hydrochloride and sodium acetate it forms an osazone 
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(m p 206 C ), which is more soluble than glucosazone and crystallizes 
in broader flatter needles Maltose is dextro-rotatory. 

Expt 45 Tests for maltose The tests a, b, o and e should be performed with a 
2 % solution of maltose , test d with a 2 / solution (see also glucose, p 48) 

(a) Mooie's test A positive reaction is given 

(ft) T? oimnet 's test A positive reaction is given 

(c) Fehhnff's test Reduction takes place, but less strongly than with glucose 

(d} Osazone test Take 10 c c of the solution and treat as foi glucosazone The 
crystals of maltosazone will be found to be much bioader than those of glucosazone 

(e) Hydi olysis Take 20 c c of the sugar solution and add 2 c c of concentrated 
hydrochloric acid Heat in a boiling water-bath for half an hour Neutralize and test 
for the osazone Gluco&azone will be formed 

Sucrose. Sucrose or cane-sugar is very widely distubuted in plants, 
in leaves, stems, roots, fruits, etc It is a white substance which crystal- 
lizes well, and is soluble in water and alcohol As previously stated it is 
hydrolyzed by dilute acids and by mvertase into one molecule of glucose 
and one mojecule of laevulose. It is formed by the condensation of 
glucose and laevulose with the elimination of water. Its constitution i,s 
in all probability as follows 




CH a OH O (CHOH)j CH CH a OH 

O 

/ 

CH (CHOH) 2 CH CHOH CH,jOH 




O 

so that both the ketone and aldehyde groups are rendered inactive It 
does not i educe Fehlmg's solution and docs not form an osazorie It is 
dextro-rotatory 

Escpt 46 Tests for cane-sugar The following tests should bo made, with ,1, 1 % 
solution of pure cry&tallme cane-sugar (see also glucose, p 48). 
(a) Moot e'i test A negative result is obtained 
(6) Fehlmg's test No reduction takes place 

(c) a-Naphthol test A po&itive result ib given since sucrose yields laevulose 

(d) Hydrolysis To a few c c of the solution add a drop of strong sulphuric acid 
and boil for two minutes Then neutralize with caustic ,soda using litmus as 
indicator Boil again and add Fehlmg's solution drop by drop, A reduction taken 
place owing to the inveision of the cane- sugar by sulphuric acid 

(e) Selnoanoff's test A positive result is [obtained owing to the liberation of 
laevulose. 
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POLYSACCHABIDES. 

These substances are formed by condensation, with elimination of 
wateij from more than three molecules of monosaccharides 



PUNTOSANS 

It has already been mentioned that condensation products of the 
pentoses, the pentosans, are widely distributed The two most frequently 
occurring pentosans are xylan and araban. No enzymes are known 
which hydrolyze the pentosans It is characteristic of xylan and araban 
that they form copper compounds in Fohlmg's solution in presence of 
excess of alkali 

Araban This pentosan may be regarded as a condensation product 
of arabmose as already indicated It occurs in various gums (Gum 
Arabic, Cherry Gum) frequently in combination with othdr substances 
On hydrolysis with acids, araban yields arabmose (See also gums and 
arabmose ) 

Expt 47 Preparation of at aban from Gum At alia (Salkowski, 27 ) Weigh out 
20 gms of gum arable and dissolve in 500 c c of warm water in a large evaporating 
dish.. Then add 200 c c of Folding's solution and excess of caustic soda solution 
The araban will be precipitated as a white gummy mass which, will settle at the 
bottom of the dish. Filter ofi through muslin Take up the precipitate in dilute hydro- 
chloric acid (1 pt of acid 1 pt of water), and then add alcohol The araban separates 
out as a wlute precipitate Wash away the copper chloride with alcohol 

E.rpt 48 Hydrolysis of araban Tho araban from the last experiment is put 
into a round-bottomed flask with about 200 c.c of 2 % sulphuric acid and heated on 
a water-bath for 2 hours, the flask being fitted with an air condenser (see p. 45) 
Then neutralize the liquid with calcium carbonate, filler from calcium sulphate, anil 
concentrate on a water-bath. The sugar is extracted from the syrup with 90 % alcohol 
Arabmoso crystallines with difficulty but tho process may be facilitated by sowing 
the concentrated alcoholic solution with a few crystals of arabinoso. Some of the 
solution of arabinoso should be tested with all the tests given in Expt 38 

Xylan. This pentosan occurs in lignifiecl cell-walls, and is the chief 
constituent of "wood gum." It is found in tho wood of many trees (not 
Coniferae), in bran, in wheat and oat straw, in maize cobs, m the shells 
of coconuts and walnuts, in the testa of the cotton (G-oasypiwri) and in 
many other tissues also in some gums. On hydrolysis, xylan. yields 
xylose, hence wood shavings, bran, straw, etc , will give the pentose reac- 
tions on hydrolysis 
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Expt 49 Detection of pentose from pentosans in Z an, sawdust and straw Take 
a small quantity of bran and boil it up several times with 98 % alcohol, filteung off 
the alcohol after each treatment This should remove any sugars or glucosules 
present Allow the alcohol to evaporate off from the bran, and then make the 
following tests foi pentoses (see Expt 38) 

(a) Heat, for about one minute, a small quantity of the bran in a test-tube, with 
sufficient concentrated hydrochlouc acid to cover it Care should be taken not to 
char the material Then add as much solid orcinol as will lie on the tip of a pen- 
knife Heat gently again for a few seconds Then add one or two drops of strong 
ferric chloride solution , a green coloration will be produced Add arnyl alcohol and 
the green colour will pass into the alcohol 

(6) Heat again another portion of the bran with the same quantity of concentrated 
hydrochloric acid in a test-tube, but this time heat more strongly Aftei heating a 
few minutes place a piece of filter-paper soaked in a solution of aniline acetate in the 
mouth of the test-tube A cherry-red coloration will denote the formation of 
furfural 

The above method and tests with bran may be repeated in exactly the same way 
using sawdust or straw 

Expt 50 Pi epai ation of&ylan from sawdust Extract one kilo of sawdust with 

4 litres of 1-2 % ammonia solution for 24 hrs Then filter off the ammomacal solution 
through muslin and repeat the extraction The xylan is insoluble in ammomacal 
solution, and in this way colouring matters are removed Finally wash the sawdust 
well with water and press dry from the liquid Then add to the sawdust sufficient 

5 % caustic soda solution to make a thick mush (about 1000-1500 c c ) and allow it 
to stand for 24 hrs in a warm place The alkaline solution is then pressed out 
through calico and filtered through filter-paper To the clear filtrate add an equal 
volume of 96 % alcohol which will precipitate the xylan as a sodium compound 
Filter off this precipitate, wash with alcohol, and decompose wibh alcohol to winch 
a little strong hydrochloric acid has been added to remove the sodium The free 
xylan is again washed with alcohol, and can be dried by washing with abwolute 
alcohol and ether and finally in a desiccator It is a dirty-white powder which IH 
almost insoluble in water Make the tests for pentoses (see Expt 38) on a little of 
the .solid xylan The reaction will be given in each case. 

Expt 51. Hydrolysis of xylan Put the xylan obtained in the last experiment 
in a round-bottomed flask fitted with an air condenser (see p 45) Add 100 c c of 
4 % sulphuric acid and heat on a water-bath for 4 hrs Neutralize the solution with 
calcium carbonate, filter from calcium sulphate and concentrate on a water-bath 
Test a portion for pentoses (see Expt. 38) and a positive reaction will bo obtained 
To a small quantity add also a few drops of Fehhng's solution and boil Reduction 
will take place 

To the remainder of the xylose solution add bromine (see p 45) gradually until 
there is excess Then remove the excess of bromine by warming on a water-batli 
Neutralize the solution, which contains xylonic acid, with cadmium carbonate and 
evaporate on a water-bath Extract the residue with alcohol and filter On concen- 
trating the alcoholic extract, white prismatic needles of cadmium xylonate separate 
oxit 
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It has boon shown that pentosans, xylan And probably araban, occur 
in leaves (Davis, Daish and Sawyer, 15) It is likely that the xylan is 
widely distributed in all tissues since it forms a constituent of lignified 
cell-walls 

Expt f>2 Detection of pcutoscs pom pentosans m leaves (Davis, Daish and 
Sawyei, 1ft ) Take two large loaves of the Sunflower (Hdiawthm anmrus) Tear into 
hiuall pieces and drop into boiling 98 <>/ alcohol m a flask Boil well and filter off the 
alcohol "Repeat until all the green colour is removed Then diy off the alcohol and 
gimd up the leaf residue Perform the test for pentoses (Expt 38 a and c) on the 
dry leaf tissue It should give the above testa showing the presence of pentosans 

Leaves of the Violet (Viola odorata] and Nasturtium (Tiopaeolum magus) may 
also be used 

Expt 53 Method for determination of pentosans in tissue^ Iran and leaves, etc 
Weigh out 2 gms of bran, put it into a round-bottomed flask, add 100 c c of 12 % 
hydrochloric acid and fit the flask with a water condenser Heat gently over wire 
gauze and distil into a solution of phloroglucm in 12 % hydrochloric acid A green 
precipitate of furfural phlorogluoide i,s formed which eventually becomes almost 
hlack For accurate estimations of pentosana this is filtered off and weighed on a 
Gooch crucible The same method may be used with leaf lesicluo as m Expt 52 

STARCHES, 

Starch. This is a very widely distributed substance in plants. It 
occurs as solid grams throughout the tissues, in leaves, stems, loots, 
fruits and seeds It is absent, however, from a number of Monocotyle- 
dons, eg Iris, Snowdrop (Galanthus), Hyacinthus, etc It forms one of 
the chief reserve materials of plants, that is, it is synthesized from sugar 
when caibon assimilation and carbohydrate synthesis are in progress, and 
is stored in the solid form m tissues as grains In other circumstances of 
the plant's existence, when material for metabolism is not available 
from carbon assimilation, as for instance in germinating seeds or 
growing bulbs or rhizomes, the starch is hydrolyzcd into dextrin and 
soluble sugar, which is translocated and used as a basis for meta- 
bolism. During the night in leaves there is also a similar hydrolysis 
of the starch which has been temporarily stored from the excess of 
sugar synthesized during the day. 

Starch has a very large molecule and thus a high molecular weight It 
is insoluble m cold water When heated with a little water it gives starch 
paste, but on boiling with water it gives an opalescent "solution" which 
really contains starch in the colloidal state as an emulsoid. In this con- 
dition it does not diffuse through dialyzmg membranes and does not 
depress the freezing point of water. The "solution" cannot, strictly 
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speaking, be filtered, but generally, when hot, it passes to some extent 
through ordinary filter-paper. Starch is insoluble in alcohol and is pie- 
cipitated by it 

The most characteristic reaction of starch is the blue colour it gives 
with iodine solution This blue colour disappears on heating, but re- 
appears again on cooling Starch is precipitated from "solution" by 
half saturation with ammonium, sulphate it does not reduce Fehlmg's 
solution 

By boiling with dilute acids, starch is first converted into " soluble 
starch " which still gives a blue colour with iodine. On further boiling, 
various dextrms (see dextrms) are obtained which give either purple, 
red or no colour with iodine The final product, after prolonged boiling 
with acids, is glucose. Hydrolysis with diastase yields dextrin and 
maltose (see diastase, p 73). 

Esept 54 Preparation of starch from Wheat Starch may be prepared fiom 
A cereal by the following method 

Take 25 gms of flour and make it up into a dough with a little water. Allow it 
to stand for half an houi Then tie a piece of muslin over the top of a beaker which 
is filled with watei Place the dough on the top of the muslin and rub it gently with 
a glass rod The starch will be separated from the gluten, and will be washed 
through the muslin and on standing will sink to the bottom of the beaker Allow 
this to stand till the starch has settled, then decant off the bulk of the liquid Filter 
off the starch, and wash well with water, then with alcohol and finally with ether 
Dry 111 the steam-oven 

For the detection of starch in green leaves, see Expt. 77 

Expt 55 Tests for starch Take a small quantity of the starch prepared in the 
previous experiment and .shake up with a little cold water in a test-tube Filter, and 
test the filtrate with a drop of iodine (in potassium iodide) solution. No blue colour 
is obtcimed Pour a drop of the iodine solution on the residue in the filter It turns 
deep blue 

Weigh out 2 gms of the starch prepared in the last experiment, and mix it into 
a thin cream with a little water Boil rather more than 100 c,c of water in an evapo- 
rating dish, and then gradually add to it the starch paste, keeping the water boiling 
all the time An opalescent "solution" IH obtained With a few c,c of the solution 
111 each case make the following tests 

() Add 1-2 drops of iodine solution A blue colour is obtained Heat the solu- 
tion the blue colour disappears, but reappears ou cooling 

(Z>) Add au equal volume of alcohol . the starch is precipitated 

(c) Add an equal volume of satmated ammonium sulphate .solution the staioh 
is precipitated, i e by half saturation with this salt 

(d) Add basic lead acetate solution . the starch is precipitated 

Expt 56 Hydioly$%$ of sta'/ch To 50 c c of the starch solution prepared in the 
last experiment add Ice of strong .sulphuric acid Boil for 10-20 nnnuto.s in a 
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round-bottomed' flask Test a portion of the solution with iodine from time to time ; 
a purple, red or brown coloui is formed due to the dextrin produced in hydrolysis 
To the remainder of the solution after neutralization, using litmus as indicator, add 
some Fehlmg's solution and boil Reduction takes place owing to the glucose formed 
m hydrolysis 



DEXTRINS 

These compounds occur m the plant as transitory substances, since 
they are formed as intermediate products of the hydrolysis of starch by 
diastase. They are also formed on heating starch or by boiling it with 
mmeial acids (see previous experiment) The hydrolysis of starch to 
dextiins is fanly rapid, but the conversion of dextrins into maltose is 
a much slower process 

Both starch and duxtnns have the same empirical formula. Various 
forms of the latter have been identified, such as amylodextrm which gives 
a blue colour with iodine, erythroclextnn which gives a browmsh-red 
colour with iodine, and achroodextrm which gives no colour with iodine. 
The dextrins are readily soluble in water, they are precipitated by 
alcohol but not by basic lead acetate On hydrolysis with acids, they 
are converted into glucose 

Expt 57 Pi epnration of dextrin ly hydrolysis of starch, (a) JB>/ diastase ft oin 
leaves of the Pea (Pisum sativum). Weigh out lOgms of commercial potato starch 
arid make it into a solution m 2 r >0 c c of boiling distilled water as in Expt 55 and 
cool Then weigh out 10-15 gniH, of fresh leaflets of the Pea (Pisum sativum) and 
pound them well in a mortar, Add to the pounded mass 100 c c of distilled water 
and a few drops of chloroform (see maltaso, p 75) and filter The filtrate will contain. 
diastase (see also Expts 78-80) Then add tho diastase extract to the starch solu- 
tion in a flask, plug with cotton-wool and put in an incubator for 48 hrs. Tf a little 
of the liquid is withchawn from tune to time and tested with iodine, it will be found 
that the blue colour duo to starch gradually disappears* and is replaced by the 
browm,sh-rod colour duo to doxtrm After 48 hrs there will be no trace of blue 
colour , then filter the liquid and concentrate tho filtrate on a water-bath to a syrup. 
Treat the residue with 96-98 % alcohol and filter. A sticky mass of dextrin is left 
which should be extracted with a little hot alcohol and then reserved for the next 
experiment To show the presence of maltose, the alcoholic extract IB evapoi'ated to 
clrynesN on a water-bath, the residue taken up m a little water and the osazono tost 
made (see p. 49) with the solution Crystals of maltosa/ono will .separate out, ' 

(&) B>/ didstmc from germinating Barley (Hordeutn vulgare). Grind well 25 gins, 
of barley grains in a coffee-mil] Put the flour into a flask and extract with 90-98% 
alcohol by heating on a water-bath This will largely free the grain from sugars. 
Make a starch " solution" of tho residue by boiling with 500 c c. of water and filtering 
through fine muslin. 
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Weigh out another 25 gms of barley grains and allow them to germinate by 
soaking and spieadmg on damp blotting-paper for 5-7 days Pound the grains well 
in a mortar, add 100 c c of water, allow to stand for 2-3 his and filter Precipitate 
the filtrate with alcohol and allow to stand foi 24 hrs Filter off the piecipitate, 
take up m water and add it to the barley starch " solution," together with a few 
drops of chloroform Proceed as with (a) only the time for hydrolysis may be much 
shorter, i e 6-12 hrs 

Expt 58 Tests for deitnn Make a solution of the dextrin prepared in the la.st 
experiment and note that it is sery soluble in water With the .solution make the 
following tests 

(a) Add a little iodine solution A reddish-brown colour is produced Heat the 
solution and the coloui will disappear Cool again and the colour will reappear 

(ft) Add an equal volume of strong alcohol The dextrin is precipitated 

(c) Add an equal volume of saturated ammonium sulphate solution, i e half 
.saturation with ammonium sulphate The dextrin is not precipitated 

(flJ) Add some bawc lead acetate solution the dextrin is not precipitated 



INULIN 

Iimlm This substance occurs as a soluble "reserve material" m the 
cell-sap of the underground stems, roots and also leaves of a numbei of 
plants, especially members of the Compositae, eg Dahlia (Dahlia 
vanabilis), Jerusalem Artichoke (Hehanthus tuberosus), Chicory (Gicho- 
num Intybus) and the Dandelion (Taraxacum officmale) It is said to 
occur also in the Campanulaceae, Lobehaceae, Goodemaceae, Violaceao 
and many Monocotyledons (Hyaomthus, Ins, Muscan and Scilla) 

Inuhn is a condensation product of laevulose to which it bears much 
the same relation as starch to glucose. It is a white substance, soluble 
in water and insoluble in alcohol It crystallizes out in the cells, in 
which it occurs, in characteristic sphaero-crystals on addition of alcohol 
to the tissues. It is hydrolyzed by mineral acids to laevulose . also by 
the enzyme inulase which occurs m the plant 

Evpt 59 JSvtraction of^nulin Cut off the tubers from two Dahlia (Dahlia 
vartabzhs) plants, wash well, and put them through a mincing machine Oaiefully 
collect the liquid and the crushed tuber, and boil well with sufficient water to cover 
the crushed material Add alfco some precipitated calcium carbonate to neutralize 
any free acids present Then filter through fine muslin, and to the filtrate, winch 
should again be made quite hot, add lead acetate solution until a precipitate 
(of mucilaginous substances, etc ) ceases to be formed Care should be taken to 
avoid the addition of a large excess of lead acetate Filter off the lead precipitate, 
and saturate the filtrate with sulphuretted hydrogen till all excess lead is removed 
Filter off the lead sulphide, neutralize the filtrate to plionolphthaleui wifch ammonia, 
and evaporate to half bulk or less on a water-bath, when the inuhn will probably 
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begin to deposit Then pom into an equal volume of alcohol, and allow to stand foi 
one or two days The crude piecipitato of inulin is filtered oft, dissolved in a small 
amount of water, and repiecipitated with alcohol It can Le washed with alcohol 
and ether and dned over .sulphuric ,icid 

The Artichoke (Bdianthus titbw osits) may also be used, about 12 tubers being 
necessary 

Expt 60 Tests fat muhn Make a solution of home of the inulin prepared in 
Expt 59 in hot water It will readily dissolve giving a clear solution With the 
solution make the following testa 

(a) Make a very dilute solution of iodine and add to it a drop or two of inulin 
solution , the brown colour will bo unaffected 

(5) Boil some muhn solution with a little Fehliug no reduction takes place 

If the inulin solution which i& being used should reduce Echling it indicates that 
sugar is present as impurity If this is the case, then a little of the solid mulm 
should be washed free from sugar by means of alcohol before proceeding with the 
following tests 

(c) To a little muhn solution add some 1 % alcoholic .solution of o-naphthol and 
a few drops of concentrated sulphuric acid and warm A deep violet colour is 
produced This is due to the formation of furfural from the laevulose pioduced in 
hydiolysis (see laevulose, p. 5T) 

(d) To a little inulin solution add about an equal quantity of strong hydrochloric 
acid and a few crystals of resorcm. A red coloration is formed This reaction 
(Seliwanoff's test) is also due to the presence of laevulose (see Inovulose, p. 51). 

Expt 61 Hydrolysis ofimihn. Some mulm IB dissolved m very dilute hydrochloric 
acid (about 5 %) and heated on a water-bath for half an houi in a round -bottomed 
flask provided with an air condenser (see p 45), The solution is then neutralized 
with sodium carbonate and concentrated on a watei-bath With the concentrated 
solution make the following tests * 

(a) Boil with a little Fehling : the solution is rapidly reduced 

(fr) Make the osazone test (see p, 49) Olucosazone ciystals will bo found to be 
formed on microscopic examination (Laovulose forms the same osaxone as glucose ) 

(c) Make the tests (c) and (d) of the last experiment A positive rofmlt will be 
given in each case 

MAN NANS 

The mannans which have already been mentioned (see p 50) are 
condensation products of the hexose, mannose. They occur most fre- 
quently, either mixed, or in combination, with the condensation products 
of other hexoses and pentoses (glucose, galactose, fructose and arabmoso) 
as galactomannans, glueomannans, fructomamians, mannocelluloses, etc 
Such mixtures or compounds of which mannans form a constituent are 
widely distributed in the seeds of many plants, i e. Palms (including the 
Date-palm), Asparagus (Ruscus), Clover (Tri/olium), Coffee Bean (Coffea 
arabica), Onion (AlUum Cepa) and of members of the Leguminosae, 
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Rubiaceae, Comferae and Umbelliferae In seeds the mannans may 
constitute, together with cellulose, the thickened cell-walls of the endo- 
sperm and are included in the term " reserve- or hemi-cellulose " though 
they are not strictly celluloses " Vegetable ivory," which is the endo- 
sperm of the Palm, Phytelephas macrocarpa, contains considerable 
quantities of a mannan and is used as a source of mannose Mannans, 
in addition, form constituents of certain mucilages, as for instance those 
in Lily bulbs (Lihum cand'idum, L bulbiferum, L Martagon and others) 
(Parkin, 23) and tubers of vai lous genera of the Orchidaceae they are 
also found in the roots of the Dandelion (Taraxacum), Hehanthus and 
Chicory, Asparagus and Clover, and in the wood and leaves of various 
trees 

Many of the mannans, unlike true celluloses, are readily hydrolyzed 
by dilute hydrochlouc and sulphunc acids The mannan in the Coffee 
Bean, however, is hydrolyzed with difficulty 

GALAQTANS 

These substances bear the same relationship to the hexose, galactose, 
as the mannans to mannose, that is, they are condensation products of 
galactose (see p 40) Similarly they frequently occur, together with 
the condensation products of other sugars, as galactoaraban, galactoxylan, 
galactomannan, etc As such they form constituents of many gums and 
mucilages and of the cell-wa]ls of the reserve tissue of seeds, i,e the 
Coffee Bean (Goffea arabica), the Bean (Faba), the Lupm (Lupinus), the 
Paeony (Paeoma), the Kidney Bean (Phaseolus), the Date (Phoemai), 
the Pea (Pisum), the Nasturtium (Tropaeohim) and many others (Schulze, 
Steiger and Maxwell, 29) 

GUMS 

These substances occur widely distributed among plants, especially 
trees Some gums are wholly soluble in water giving sticky colloidal 
solutions others are only partially soluble They are all insoluble m 
alcohol In the solid state they are translucent and amoiphous 

Chemically the gums are varied in nature , they may m geneial be 
regarded as consisting of complex acids in combination with condensa- 
tion products of various sugars, such as araban, xylan, galactan, etc. 
On hydrolysis they give mixtures of the corresponding sugais, arabmose, 
xylose, galactose, etc , in varying proportions, though in some cases one 
sugar preponderates 
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Some of the best-known gums are the following 

Gum Arabic (arabin). This substance is obtained from an Acacia 
(Acacia Senegal), a native of the Soudan The gum exudes fiom tho 
branches Other species of Acacia yield inferior gums. Gum aiabic is 
a mixture of the calcium, magnesium and potassium salts of arable acid, 
a weak acid of which the constitution is unknown, in combination with 
arabari and galactan 

Gum Tragacanth This is a product from several Tragacanth shrubs 
winch are species of Astragalus (Legummosae), chiefly A. gutnimfer It 
is obtained by wounding the stem arid allowing the gum to exude and 
harden On hydrolysis it gives a mixture of complex acids and various 
sugais such as arabmose, galactose and xylose 

Cherry Gum (cerasin) occurs in the wood of the stems and branches 
of the Cherry ( Primus Cerasus), the Bird Cheiry (P Padus), the Plum 
(P domestica), the Almond (P. Amygdalus] and other trees of the 
Rosaceae It exudes from fissures of the bark On hydrolysis it yields 
almost entirely arabmose, 

Expt 62 Reactions of Gum Aralna Put a little gum arable into fin evaporating 
dish and add a little water Heat gently and stir The gum will slowly dissolve, 
giving a thick sticky (solution which does not solidify or gel on cooling Make the 
following tests, using a little of the gum solution in a test-tube each time 

(a) Add a little alcohol The gum is precipitated. 

(6) Add a little Fehhng's solution and boil No reduction takes place 

Tho three following experiments show tho presence of pentosaii complexes in the 
gum (bee also Expt 38, p 44) 

(a) Add a little phlorogluom to tho gum and then strong hydrochloric acid. No 
colour is produced Now heat, and a cherry-red colour appears 

(d) Heat the gum .solution with a little concentrated hydrochloric acid and then 
add a trace of oromol Warm again and then add one or two diops of strong ferric 
chloride solution. A green coloration will be produced 

(e) Heat the gum .solution .strongly with hydrochloric acid, and, aftei heating for 
a few minutes, place a piece of filter-paper soaked in a solution of aniline acetate m 
the mouth of the test-tube A cherry-red coloration indicative of furfural will bo 
formed 



63 Hydrolysis of Gum Arabic, Weigh out 10 gms of gum aiabic Put it 
into a round-bottomed flask and add 100 e o of water and 4 c.e of strong sulphuric 
acid Warm gently until tho gum goes into solution Then fit the flask with an 
air condenser (see p. 45) and heat on a water-bath for about 4 his Cool tho 
solution, and neutralize with baiium carbonate, Filter off tho barium sulphate and 
concentrate the .solution on a water-bath Boil a drop or two of tho syrup with 
Fehlmg's solution and show that reduction takes place (The original gum either 
does not reduce "Fehlmg at all, or, if so, only slightly ) Then add a little nitric acid 
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(sp gr 1 15, see Expt 43) to the syrup and heat on a water-bath almost to dryness 
Pour the residue into about 100 c c of water and allow to stand A microcrystallme 
precipitate of raucic acid is formed showing the presence of galactose (see p 50) as 
a product of hydrolysis 



MUCILAGES 

The charactenstic of these substances is that they swell up in watei 
and produce colloidal solutions which are slimy 

Mucilages are widely distributed and may occur in any organ of the 
plant Sometimes they aie confined to certain cells, mucilage sacs 01 
canals They aie distinguished from the pectic substances by the fact 
that they do not gelatinize Some of the best known examples of 
mucilage-containing tissues are those in the root and flower of the 
Hollyhock (Althaea rosea) in succulent plants (Aloe, Euphorbia}, in 
bulbs (Scilla, A Ilium) and tubers (Orchis Mono) in seeds of Flax or 
Linseed (Linum) and in fruits of Mistletoe (Viscum album). 

The mucilages vary in composition They appear to be largely, if 
not wholly, condensation products of various sugars (galactose, mannose, 
glucose, xylose, arabmose), similar constituents to those of many gums 
and hemicelluloses On hydrolysis various mixtures of sugars are pro- 
duced Of the mucilages, that from, linseed has been thoroughly 
investigated It has been found on hydrolysis to give sugars only, e g 
arabmose, xylose, glucose and galactose. In this respect mucilages differ 
from gums, since the latter have always some other accompanying sub- 
stance in addition to sugars 

Expt 64 Prepaiation and properties of mucilage fi om Linseed (Linum) (Neville, 
21) Take about 60 gms of hn&eed and let it soak for 24 hrs in 300 c c of water 
Then separate the slime from the seeds by squeezing through muslin, and add to the 
liquid about twice its volume of 96-98 % cilcohol The mucilage is precipitated as 
a thick slimy precipitate Filter off the precipitate and wash with alcohol By 
washing with absolute alcohol and ether and finally drying in a desiccator, the 
mucilage may be obtained as a powder 

Add water to some of the mucilage It swells up and finally gives an opalescent 
solution Make with it the following tests 

(a) Add iodine No colour is given 

(b) Add a little Fehling's solution and boil. No reduction takes place 

Ex<pt 65 Hydrolysis of Linseed mucilage Put the remainder of the mucilage in 
a round-bottomed flask and add 50 c c of 4 % sulphuric acid Pit the flask with 
an air condenser (see p 45) and heat for at least four hours on a water-bath. 
Cool and neutralize with barium carbonate Filter off the barium sulphate, and 
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concentiate the filtiate on a water-hath With the concentrated solution make the 
following tests 

(a) Add a few drops to a little boiling Fehlmg solution Redxtction immediately 

takes place 

(6) Make the phlorogluom, oicuiol and furfural tests for pentoses, using a small 
quantity only of the hydrolysis mixture for the teats A positive result will be given 
in each case The pentosos, arabmose and xylose, are responsible for these reactions 

(c) Add to home of the solution phenylhydraame hydrochlondo, sodium acetate 
and a little acetic acid, and leave in boiling water for half au hour for the osazone test 
[see E\pt 41 (oJ)] A mixture of oaazones will separate out, among which glncosazonc 
can be identified 

(rf) Concentrate 1 the remainder of the solution and then add some nitric acid of 
>sp r 115 (see Expt 43) Evaporate down on a water-bath to one-third of the bulk 
of the liquid and then pour into about 100 c c of water A white macrocrystalline 
precipitate of mucic acid will separate out, either at once or in the course of a day or 
two This demonstrates the presence of galactose 



PEGTIO 

These substances are considered at this point since they are said to 
constitute, m moie or less intimate connexion with cellulose, the middle 
lamella of cell-walls in many tissues The poetic substances arc fre- 
quently found in the juices of succulent fruits m which the tissues have 
disintegrated, such as red currants and gooseberries. They have been 
isolated chiefly from fleshy roots, stems or fruits, as, for instance, from 
turnips, beetroot, rhubarb stems, apples, cherries and strawberries. 

Recent work (Schryver and Haynes, 28) points to the fact that in 
turnips, strawberries, rhubarb stems and apples, there is the same poetic 
material, and it is possible that all such substances may be identical. 
The compound isolated in the above case is of an acidic nature and has 
been termed pectmogeri When pectmogen is treated with dilute 
solutions of caustic alkali at ordinary temperatures, it is rapidly changed 
into a second substance termed pectin, which is readily converted into 
a gel under certain conditions, 

In the case of juicy fruits, such as currants and gooseberries, the 
pectinogen can be precipitated as a gelatinous precipitate by adding 
alcohol to the expressed juice. In the case of fleshy fruits, stems and 
roots, the procedure is as follows, The tissues are thoroughly dis- 
integrated in a mincing machine and pressed free from all juice in a 
powerful press The residue is then, dried, finely ground, washed with 
water and finally extracted with dilute ammonium oxalate solution in 
which pectinogen is soluble. The extract is concentrated and the 
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pectmogen precipitated by alcohol It may be purified by reprecipita- 
tion 

Pectmogen is precipitated from aqueous solution by alcohol as a very 
bulky gelatinous mass, but when dried it forms an almost colouilessgianu- 
lar powder Put into water it absorbs large quantities of liquid and dis- 
solves slowly, giving an opalescent solution with a distinctly acid reaction 

As mentioned above pectmogen in alkaline solution is rapidly con- 
verted into pectin. A solution of pectmogen is not precipitated eithei 
by acid or dilute solutions of calcium salts but, after treatment with 
alkali and conversion into pectin, both the aforesaid reagents produce 
gelatinous precipitates. A similar precipitate is also formed when lime 
water is added in excess to a solution of pectmogen and it is allowed to 
stand There is little doubt that the pectmogen is converted by the 
alkali into pectin Pectin is also an acid substance and it is insoluble 
m water, giving an insoluble salt with calcium After treatment of 
pectmogen with alkali the pectin can, as already stated, be precipitated 
by adding acid. 

Analyses of pectin from various sources have led to the suggestion 
of CtfHaiOjB as its formula There is also evidence that it contains one 1 
pentose group This can. be detected and estimated by the furfural 
phloroglucide method (see Expt 53) 

Expt 66 Extraction and reactions of peotmogen Take about half a pound of red 
currants and squeeze out the juice through fine muslin into a laige bcakei Then add 
to the juice about 2-3 times its bulk of 96-98 % alcohol A bulky gelatinous precipi- 
tate of pectmogen will (separate out Allow the precipitate to stand for a time in the 
alcohol, and then filter off Wash with alcohol and finally press free from liquid. 
Dissolve the precipitate in as little water as will enable it to go into .solution To two 
small portions of the solution add respectively (a) a few drops of strong hydrochloric 
acid, (6) an excess of calcium chloride solution Note that no precipitate is formed in 
either case 

Evpt 67 Conversion of pectmogeti into pectin, and i eactwns o/ pectin . Take ub< tut 
one-thud of the pectmogen solution prepared in Expt 66, make it alkaline with 
caustic soda, and let it stand for about 10-15 minutes Then divide the .solution 
into two parts and add respectively (a) sufficient hydrochloric acid to acidify, 
(b) excess of calcium chloride solution. In the first case a gel of pectin is formed 
in the second case a gelatinous precipitate of the calcium salt of pectin 

To a further qxiantity of the pectmogen add excess of lime water and let it stand 
The gelatinous calcium precipitate will separate out in a short time. 

Expt 68 Detection of the pentose group inpectinogen Filter oft' the pectin gel 
obtained in the last experiment and allow it to dry Then test for the pento&e group 
by the orcmol, phloroglucmol and furfuial tests (see Expt 38). All results will be 
found to be positive 
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The extraction of pcetmogen, etc. in the above experiments can equally well be 
earned out with other material, eg ripe gooseberries, laspberries and straw beines, 
using exactly the same methods. 

Evpt. 69 Pieparation of pecttnogati from Turmps Take two full-sized turnips 
and nnnc'c them finely in a mincing machine Then wrap the mass in a piece of 
strong unbleached calico and press out the juice as completely as possible in a, piesw 
The juice contains little pectmogon and can be thrown away The pressed mass is 
then thrown into 5 <>/ ammonium oxalate .solution heated to 80-90 C. on a watei- 
bath and stnred to make a paste The liquid is again rapidly pi eased out in the pro,*..s 
To the viscid extiact an equal volume of 96 % alcohol as added, and the pectinogen 
feepaiatcs out as a voluminous gelatinous precipitate This i.s filtered off and, when 
pressed free frorn alcohol and dried, can be used for tests at> in the previous experi- 
ments 

The gelatimzation of pectinogen can also bo brought about by certain 
enzymes termed pectases which are found in the juices of \arioua plants, 
i.e root of Carrot (Daucus Oarotn) and leaves of Lucerne (Mediccigo 
sativa), Lilac (Symnga, vulgams) and Clover (Tmfoliuni pratense) 

Evpt 70 Action of poctase on pectinogen Make an extract of either Lucerne or 
Clover leaves by pounding them in a mortar with a little water, and then filter Add 
the nitrate to some of the pectinogen solution prepared in Expt 66 or 69, On 
standing a gelatinous precipitate will be produced Should the reaction bo slow, it 
may be accelerated by placing the mixture in an incubator 



GJSLLULQSES. 

Celluloses are very important polysaechandes They form constituents 
of the structural part of all the higher plants The cell- wall of the 
young cell consists entirely of cellulose, but in older colls the walls may 
be lignified, cuticulamod, etc., i.e. the cellulose may be accompanied by 
other substances such as lignm, cutin, mucilage, etc. In the light of 
these facts the term cellulose is made to include 
1. Normal celluloses 
2 Compound celluloses, 

(a) Ligno-colliiloses 
(6) Pecto-celluloses. 
(c) Adipo- or cuto-celluloses. 
8 Pseudo- or Reserve celluloses. 

True or normal cellulose. Of this substance, as we have said, 

many cell-walls are composed The most familiar form of cellulose is 

cotton, which consists of hairs, each being a very long empty cell, from 

the testa or coat of the seed of the Cotton plant (Gossypium herbaceum). 

o. * 
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Crude cotton (x e the hair cell-walls) is not quite pure cellulose, but 
contains a small amount of impurity from which it is freed by treatment 
fiist with alkali and subsequently with bromine or chlorine. All kinds 
of cotton material, cotton- wool, andthe better forms of paper (including 
filter-paper) may be regarded as almost pure cellulose 

Puie cellulose is a white, somewhat hygroscopic, substance. It is 
insoluble in water and all the usual solvents for oigamc substances It 
is, however, soluble in a solution of zinc chloride in hydrochloric acid in 
the cold, and in a solution of zinc chloride alone on warming It LS also 
soluble in ainmomacal cupric oxide (Schweizer's reagent). 

In addition cellulose is soluble in concentrated sulphuric acid, which 
on standing converts it first into a hydrate and then finally into 
glucose If, however, water is added to the sulphuric acid solution as 
soon as it is made, the gelatinous hydrate of cellulose is precipitated. 
This substance is termed " amyloid " since it gives a blue colour with 
iodine Concentrated nitric acid converts cellulose into nitrates, of 
which one is the substance, gun-cotton In 10 / alkalis cotton fibres 
thicken and become more cylindrical This procedure has been em- 
ployed by Mercer to give a silky gloss to cotton, and the lesultant 
product is called mercerized cotton 

E&pt 71 The colow tests and solubilities of cellulose 

(a) Dip a little cotton-wool into a solution of iodine in potassium iodide Thou 
put the stained wool into an evaporating dish and add a drop or two of concentrated 
sulphuric acid A blue coloration is given This is due to the formation of tho 
hydrate " amyJoid J) mentioned above 

(6) Dip some cotton-wool into a calcium, chloride iodine solution (To 10 c c. of 
a saturated solution of calcium chloride add 5 gm of potassium iodide and 1 gm, 
of iodine Warm gently and filter through glass-wpol ) A rose-red coloration is 
produced which eventually turns violet 

(c) Heat a strong solution of zinc chloride (6 pts of zinc chloride to 10 pts of 
water) in an evaporating dish and add 1 part of cotton-wool The cellulose will in 
time become gelatinized, and if a little water is added from time to time, a solution 
will eventually be obtained on continuous heating 

(d) Make a solution of zinc chloride in twice its weight of concentrated hydro- 
chloric acid and add some cotton-wool The wool will rapidly go into solution in the 
cold 

(e} Add some cotton-wool to an ammomacdl copper oxide solution and noto that 
it dissolves (To a strong solution of copper sulphate add some ammonium chloride 
and then excess of caustic soda Filter oft' the blue precipitate of cupno hydroxide, 
wash well, dry thoroughly, and dissolve in strong ammonia ) Add strong hydrochloric 
acid and the cellulose is precipitated out again Then add water and wash the 
precipitate until it is colourless Test the roughly dried precipitate with a little 
iodine and strong sulphxmc acid A blue coloration is given 
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All the above teats may be repeated with threads from white cotton material, 
with filter-paper and good white writing paper 

Try tests (a) and (b) with newspaper, and note that they are not so distinct as 
with writing papei owing to the presence of ligno-cellulobe (see Expt 73) 

JEvpt 72 Hydrolysis of cellulose by acid Dissolve as much filter-paper as possible 
in 5 c c of concentrated sulphuric acid and when all is in solution pour into 100 c c 
of distilled water Boil tho solution in a round-bottomed flask htted with an air 
condenser (see p 45) and use a sand-bath for heating. After boiling foi an hour, 
cool and neutralize tho solution with solid calcium carbonate Add a little water if 
necessary and filter Test the filtrate with tho following tests 

(a) Make the osazone [see E\pt 41 (a?)] Note that crystals of glucosazone are 
formed 

(6) Add a little Fehhng's solution and boil Note that reduction takes place 

Instead of using filter-paper, the above experiment may also be carried out with 

cotton-wool or threads from white cotton material, 

i 

Ligno-cellulose, As the cells in plants grow older the walls usually 
become hgmfied, that is part of the cellulose becomes converted into 
ligno-cellulose. The extreme amount of change is found in wood The 
least amount in such fibres as those from the stem of the Flax (Lmutn 
usitatissimum) which, when freed from such impuiities, consist of cellu- 
lose only and constitute linen. Other fibres, containing more ligno- 
celluloso, are those of the stem of the Hemp plant (Cannabis sativa) 
and the Jute plant (Corohorus) from which string, rope, canvas, sacking 
and certain carpets are made The percentages of pure cellulose in 
these various hgmfied tissues are as follows 

Cotton libio .... 883% 

Flax and Hemp fibre ... 72-73 % 

Jute 54% 

Beech and Oak wood . . 35-38 % 

The ligno-celluloses are generally regarded as consisting of cellulose 
and two other constituents, of which one contains an aromatic nucleus 
and the other is of the natmo of a pentosan (see xylan, p. 53) Both 
are sometimes classed together and termed hgmn or hgnon The lignm 
reactions (see below) depend on the presence of an aromatic complex. 
It has been suggested that coniform, vanillin and allied compounds 
which are present in wood are probably the substances responsible for 
the reaction (Czapok, 6). 

Although the best paper is made from cellulose, cheaper forms^ of 
paper are manufactured from ligno-cellulose, and, as a result, they give 
reactions for lignm and are also turned yellow by exposure to light. 

Ewpt 73 Reactions ofhgnin. 

One of the most striking reactions of hgnin (duo as it is supposed to a furfural 
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grouping) is the magenta-red coloration given by phloroglucm in the presence of 
concentrated hydiochlouc acid 

Soak the tissue to be experimented upon with an alcoholic solution of phloro- 
glucm and then add a drop or two of stiong hydrochloric acid The magenta-red 
colour will be produced 

As matenal, practically any ligmfied tissue may be used Shavings from twigs 
of any tiee or shrub, eg pith and wood fiom the Elder (Sambucus nigra), will be 
found useful also shavings from a match , straw, bian, coai&e string, cheap white 
paper, such as newspapei or white and pale-coloured papers used for wrappings 

Make the phloroglucm test on good white writing papei It .should not give the 
reaction since it is made from cellulose 

Other phenols and their derivatives will also give colom icactions with ligmn m 
the presence of hydrochloric acid, but the colorations m most cases are not so much 
developed as with phloroglucm (Ozapek, 6) For this reason (though it is also possible 
to use any of the ligmfied tissues suggested above) good results are obtained by using 
strips of any cheap newspaper, since the reagents seem to penetrate this matenal 
quickly 

Soak strips of newspaper (or other matenal) in alcoholic solution of the following 
substances, or such of them as are available, and then add a few drops of concen- 
trated hydrochloric acid It is useful to put the material on a white glazed tile 01 

plate 

Reaction 

Phenol blue-gieen coloration 

Resoicmol violet 

Orcinol red-violet 

Gatechol greenish-blue 

Pyrogallol blue-green 
Guaiacol . yellow-green 

Gre,sol . greenish 

a-Naphthol greenish 

Thymol green 

Indol cherry-red 

Skatol cheriy-red 

It should be noted that strong hydrochloric acid nlone will sometimes 
give a red colour with woody tissues this is duo to the piosenco of 
phloroglucm in the wood itself (see phloroglucm, p. 88) 

Esapt 74 Destruction of the ligmn element vn, wood Take some papei which given 
the phloroglucm reaction for ligmn strongly and cut it up into pieces about an inch 
square Then boil the paper in some 1 % sodium hydi oxide solution for a short tune 
After washing well, put it into a flask or large test-tube with a few o.c of bromine- 
water and allow it to stand for an hour or two Then wash again and heat in a 
2 % solution of sodium sulphite Wash free from sulphite, dry and test with 
alcoholic phloroglucm solution and strong hydrochloric acid No rod colour, or very 
little, will be produced If a little red coloration is formed, the process should bo 
repeated until finally all the ligmn reaction disappears 
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Pecto-cellulose, The non-cellulose constituents in tins case belong 
to the class of pectic substances which have already been considered 
(see p. 63). Such celluloses occur in the cell-walls of the tissues of 
many fleshy roots, stems and fruits. 

Adipo- and cuto-celluloses. These products are found m the walls 
of corky and cuticularized tissues Their chemical composition is 
obscure but they appear to contain substances of a fatty or wax-like 
nature 

Henu-celhiloses. These are not strictly celluloses since they are built 
up of mannans, galactans and pontosans on lines which have already been 
considered (see pp 59 and 60), They frequently occur united with each 
other, for instance as galacto-, gluco- and fructomannan, galactoaraban, 
galactoxylan, etc They are found in the cell-walls of the tissues of 
many seeds. 

THE SYNTHESIS AND INTKR-RELATIONSHIPS OF CARBOHYDRATES 

IN THE PLANT, 

Now that the properties and characteristics of various carbohydrates 
have been dealt with, their synthesis and their relationships, one to 
another, may be considered 

In the previous chapter it has been shown how the plant synthesizes 
a sugar from carbon dioxide and water by virtue of the chemical energy 
obtained from, transformation of radiant energy by means of chlorophyll. 
When this sugar roaches a certain concentration m the cell, in the 
majority of plants, starch is synthesized from it by condensation with 
elimination of water. The starch is thus the first visible product of 
assimilation and is temporarily " stored " m an insoluble form during the 
day, when photosynthesis is active. During the night photosynthesis 
ceases but thu sugar is still translocated from the loaf, as it was in fact 
during the clay , thus, since the supply ceases, the concentration in the 
cell falls, and the " stored " starch is then hydrolyzed again into sugar, 
and the process continues until the leaf is either starch-free, or contains 
considerably less starch. During the next day, the starch formation m 
repeated and so forth The process of hydrolysis of starch is carried out 
by the enzyme, diastase, with the formation of dextrin and maltose. In 
all probability this same enzyme controls the synthesis of starch. 

On the other hand, it has been shown that many plants do not form 
starch at all in their leaves but only sugar. Examples are the adult 
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Mangold plant (Beta vulgans) and many Monocotyledons (Alhum, 

Sc^lla). 

As to the question of which sugars are present in the leaf, theie is 
only evidence from accurate work on a few plants Careful investiga- 
tions have been made of the sugars m leaves of the Mangold (Seta 
vulyans) (Davis, Daish and Sawyer, 15), Garden Nasturtium (Tropaeo- 
lum magus) (Brown and Morns, 5), the Snowdrop (Galanthus nwahs) 
(Parkin, 24), the Potato (Solamim tuberosum) (Davis and Sawyer, 3*7) 
and the Vine (Vitis mm/era) The general conclusions drawn from 
these investigations are that sucrose, glucose, and laevulose are always 
present in leaves that maltose results fiom the hydrolysis of starch, 
being absent from leaves which do not form starch Maltose is not pre- 
sent in appreciable quantity even in starch-producing leaves because it is 
lapidly hydrolyzed into glucose by maltase (In such cases where it has 
been detected it has been due to diastase action durmg the drying of 
leaves befoie extraction) Other leaf carbohydrates are the pentoscs 
which have been found in a good many species examined and may be 
widely distributed, the pentosans, their condensation products, also occur 
as well as dextrin (Potato) 

The next question to be considered is what sugar is first synthesized 
in the leaf. Is it glucose, laevulose, sucrose or maltose ? It is known 
that the enzymes, mvertase and maltase, are commonly present m leaves 
and that these enzymes respectively control the hydrolysis, of cane- 
sugar into glucose and laevulose, and of maltose into glucose. It is also 
possible that they respectively control the synthesis of sucrose and 
maltose Laevulose, likewise, as may be supposed, can be obtained from 
glucose Thus all the sugars can be readily converted one into another, but 
to ascertain which is the first product of synthesis is not an easy problem 

In addition to the above-mentioned work on the nature of the sugars 
present in leaves, a good deal of careful analysis has been made as to the 
proportions m which the sugars occui relatively to each other during 
stated periods of time, with a view to answering the question as to 
which is the first-formed sugar There are two possibilities : one, that 
it is sucrose and that it is hydrolyzed into glucose and fructose the 
other, that it is glucose, from which fructose is denvcd, and the two are 
then synthesized to form sucrose 

Opinion is divided on this point and there is not at present sufficient 
experimental evidence to decide the matter The majority of iriveHti- 
gators regard sucrose as the first-formed sugar, and suggest that it it. 
inverted into hexoses for purposes of translocatiori, since the smaller 
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molecules would diffuse faster There is experimental evidence that 
there is an increase in hexoses in the conducting tissues Otheis favour 
the view that glucose is the first-formed sugar, and bring forward 
evidence to this effect There is however no reason why hexoses should 
not be formed first and then converted into cane-sugar and temporarily 
stored as such, being again remverted into hexoses for translocation. 
Noi is there any reason for supposing that the first-formed sugai is 
always the same m every plant 

There appears to be very little doubt that maltose is formed in 
the hydrolysis of starch., and also that staich is a tempoiary reserve 
material in the leaves, but whether formed direct from sucrose or fiom 
hexoses cannot be stated 

There is some evidence in favour of the view that glucose is more 
readily used in respiration than laevulose, for under circumstances when 
neither can be increased, the glucose tends to disappear 

From the leaf the various sugars are translocated to other organs of 
the plant, e g root, stem, flower, fruit and seed In some cases starch 
is synthesized from the sugars and " stored " in roots, tubers, tuberous 
stems, fruits and seeds In other cases the sugars themselves may be 
" stored," as, for instance, in the root of the Beet (Beta vulgaris), or they 
may have a biological significance, as in sweet fruits. It must also be 
borne in mind that sugars are employed throughout the plant in re- 
spiration and in the synthesis of more complex substances, i.e cellulose, 
gums, pentosans, mucilage, aromatic substances, fats and to a certain 
extent proteins, in fact they or their precursors constitute the basis 
frotn which all organic compounds are synthesized 

The following experiments can be performed with either the Garden 
Beet or the Mangold Wurzcl, both of which are varieties of Beta vidgans, 
the Common Beetroot The sugars in the leaves and petioles of the 
Mangold have been investigated (Davis, Daish and Sawyer, 15) and 
sucrose, laevulose and glucose have been found. Staich is absent m 
the adult plant and also maltose. The opinion is held that sucrose is 
the first- formed sugar of photosynthesis and that this is hydrolyzed for 
translocation on account of the greater rate of diffusion of the smaller 
molecules of glucose and laevuloso. These are again synthesized in the 
root to form sucrose where the latter is stored, and hexoses are almost 
absent from this organ Though the facts concerning the distribution 
of the sugars stated above are reliable, it is not certain that the deduc- 
tions are permissible. The leaf contains the enzymes, mvertase, maltase 
and diastase (Eobertson, Irvine and Dobson, 25) 
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In connexion with the occurrence of various sugars in leaves it is 
of interest to note that glucose, fructose and mannose can pass over 
into one another in alkaline aqueous solution This has been explained 
by their conversion into the enolic (unsaturated) form common to all 
three hexoses 
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Evpt, 75 To show the piesence of loth he&oses and sucrose m the leaf (Daviw, 
Daish and Sawyer, 15) Take about 5 gms of fresh leaf of either the Beot or Mangold 
(Leaves of the Garden Nasturtium (Tropaeolum majus) and Wild Chervil (Chaero- 
phyllum sylvestre) may al&o be used ) Tear them into small pieces and drop thorn 
into boiling 90-98 % alcohol in a flask on a water-bath. In this way the enzymes of the 
leaf ai e killed, and no changes will occur in the carbohydrates present After boiling for 
a short time, the alcohol is filtered ofi' and the exti action repeated. Evaporate the 
filtrate to dryness in an evaporating dish on a water-bath The filtrate will contain 
chlorophyll and various pigments, sugars, glucosides, aromatic compounds and other 
substances accoiding to the plant used. Then add about 20 c c of water and at in- 
tervals a few drops of basic lead acetate until it ceases to form a precipitate By this 
means all hexoses combined with aromatic substances as glucosides (see p 142) are 
precipitated as insoluble lead salts The precipitate is filtered off and the lead in the 
titiette removed by bodium carbonate, avoiding excess Filter again and the filtrate 
will contain the sugars Boil the lattei and add Fehhng's solution drop by drop till 
rediiction ceases Filter off the copper oxide and then boil the .solution with dilute 
sulphiuic acid for a few minutes and mako neutral to phenolphthalcm Reduction 
will occur on adding more Fchlmg and boiling, owing to the inversion of the cane- 
sugar present 

JSxpt. 76 To show the presence of hexoses in the leaf by means of the formation of 
glucosazone Leaves of eta, Ghaerophyllum sylvestre, or Tropaeolum may bo used 
Extract as in the previous experiment and precipitate the glucosides with the 
minimal amount of basic lead acetate. Test for osazone in the filtrate as in 
Expt 41 (d\ 

Expt 77 To obtain starch from green leaves Weigh out 25 gms of leaflets of the 
Pea (Pisum satwum) The leaves should have been picked in the evening after a 
sunny day, and it does not matter if the cut leaves are left overnight Dip the leaf- 
lets for a moment into boiling water, remove excess of water and drop them into 
200 c c of 96-98 % alcohol and boil till the chlorophyll is extracted . then filter. 
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Take the residue of leaves and pound (but not finely) in a mortar and then wash 
thoroughly with distilled water Filter through muslui and press free from watei 
(tins process extracts most of the protein) Boil the residue with 100 c c of water and 
filter To the filtrate add iodine At first the colour may disappear owing to the 
presence of protein in solution in addition to the starch When moie iodine is added 
a deep blue coloration is foi rued 
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Diastase. In the plant starch may be regarded as a reserve product 
It is synthesized from sugar, and may be again hydrolyzcd into sugar. 
It can be shown experimentally that starch is converted into 'glucose by 
boiling with acids, but in the plant the hydrolysis of starch is catalyzed 
by the enzyme, diastase Although the reaction is doubtless of con- 
siderable complexity, it may, broadly speaking, be represented as 

follows 

(C fl H lo 6 ) n +H a O > (C H w O fi ) a! + C w Ha 3 O u 
Dextrin Maltose 

Thus the final products under these conditions are dextrin and the 
disaccharide, maltose , and not glucose. 

It is leasonable to assume that cells which contain starch also cither 
contain, 01 are capable of producing, diastase. But the amount of 
diastase present, or at any rate capable of being extracted, varies in 
different tissues Diastase, like most enzymes, is soluble in water, In 
many cases, however, a water-extract from fresh crushed tissues in which 
diastase occurs, will not contain any appreciable amount of enzyme, 
This is sometimes due to the fact that the protoplasm docs not readily 
yield up the enzyme until it has been killed If the tissues are dried at 
a moderate temperature (80-40 C ) both the powdered leaves thorn- 
selves and a water extract are fairly rich in diastase , or, if the living 
tissues are macerated and extracted with water to which chloroform 
has been added, the cells die more rapidly and yield up the enzyme to 
the solvent From such a water extract, a crude precipitate containing 
the enzyme may be obtained by addition of alcohol For obtaining the 
maximum results with diastatic activity in leaves, a water extract 
should be made after they have beon killed, either by drying, or by the 
action of toluol or chloroform. 

It has been shown (Brown and Morris, 5) that m leaves which con- 
tain tannin, the presence of the latter largely inhibits the action of the 
enzyme and may be the cause, m such cases, of an entire lack of activity 
in the extract. 
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The diastatic activity of leaves appears to vary largely m different 
genera and species The subject has been investigated (Brown and 
Morris, 5) and a list of their relative activities has been drawn up as 
follows 

[The numbers represent the amount of maltose, expressed in grams, winch 10 
gms of air-dried leaf will produce from soluble-nlarch (starch treated with dilute 
hydrochloric acid) by hydrolysis in 48 hra at 30 C ] 

PiHum sativum 240 30 Hchauthus animus , 3 '04 

Phaseolus mnltiflorus 11049 Ii tuberosus . 878 

Lathyrus odoratus .. 100'37 Funkia smcnsis fiHL 

L prateusis , 34'79 Allmni Oepa , 3 76 

Trifolium pratense 89 66 I-Iemerocallis fulva. . 2 07 

T ochroleuoum 56 21 Populus s>p . , 3'79 

Vicia sativa . 79 55 Syrmga vul&ans . . , 2'53 

V hirsuta .. 5323 Cotyledon Umbilicus* 401 

Lotus eorniGulatus . 19 48 Humulus Lupulus 2 01 -J) (50 

Lupmus sp. . . 3 51 Hymenophyllmu dennssum 4 20 

Grass with Clover 27 92 Hydrocharis Morfmti-ranao . 207 

Tropaeolum majus . 3 68-9 64 

From the above table it is seen that the leaves of genera of the 
Legummosae are apparently very rich in diastase Whether this is o, 
or whether in other plants the diastatic activity is inhibited by other 
substances, has not yet been ascertained As mentioned above, tannins 
inhibit the action of diastase, and hence leaves rich in tannin, e.g. Hop 
(Humulus), cannot be expected to yield good results. 

The tissues of germinating barley (Hordewn vulgare) also contain 
large quantities of diastase, and this material can be used to demon- 
strate the solubility, isolation and activity of the enzyme. 

The action on starch of diastase from the leaf of the Common Poa 
(Pisum sativum) and from germinating barley grams has already boon 
demonstrated [see Expt. 57 (a) and (b)] m connexion with dextrin Tho 
following experiments have special reference to the enzyme, 

Expt 78 To demonstrate the activity of diastase from germinating baric//. (Jrind 
2-3 gms of barley grains in a coffee-mill Boil the product with 300 c.c.'of water 
and filter, first through fine muslin if necoHsary, then through filter-paper. A (starch 
" solution " will be obtained 

Pound up 2-3 gms of germinated barley grains in a mortar and extracst the many 
with 50 o c of water Filter, and take two equal portions in two test-tubea Boil one 
tube To both tubes add an equal quantity of the starch solution prepared above. 
Place the tubes in a beaker of water at 38-40 From time to time withdraw a 
drop from each tube with a pipette and test with iodine solution on a white tile. The 
starch in the unboiled tube will gradually give the dextrin reactions (HOB p. 57); that 
in the boiled tube will remain unchanged 
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This simple method may also be adopted for showing the diastatic activity of 
leaves Instead of genmnating barley, a few leaflets of the Pea (Pisum sativum) 01 
Glover (Tnfolium pratense] should be pounded up in a mortar and exti acted with 
50 c c of water and faltered 

Expt 79 To i>hoio that leaf-diastase is still active ajter diymg the lecuwi, at 
temperatu'i et, not higher than 38 C T.iko 10 gms of fiesh Pea leaves and dry by 
spreading them in the sun Then powder and finally dry in an incubator at 38' C 
Make up 500 c c of a I o/ solution of starch (see Expt 55) To this add the dry leaf 
powder together with a few drops of toluol and keep in an incubator at 38 C Test 
the solution with iodine from time to time and note the hydrolysis of the starch 

Evpt 80 To show that the action of diastase is impaired by contact of the enzyme 
with alcohol. Pound up 10 gms of fresh Pea leaves, add 100 c c of water, a few diops 
of toluol and allow the mixture to stand for 12 his Filter off the extract, and 
add at least an equal bulk of 96-98% alcohol A white precipitate is produced 
which, among other substances, contains crude diastase Filter, and wash the 
precipitate with a little water into 500 c.c of a 1 "/,) starch solution Add a few drops 
of toluol, plug with cotton-wool and put in an incubator Test with iodine from 
time to time It will be found that the hydrolysis takes place much more slowly 
than m the previous experiments 

Expt 81 To shoio that the action of diastase in inhibited &?/ tanmc acid Take 
about 5-1 gm of dried powdered Pea leaf. Lot it stand for about 12 hrs m 50 c c 
of water containing a few drops of toluol Filter off, and to equal amounts of the 
filtrate m two small flasks add about 10 c.c of a 1 % starch solution Add also 
10 c c of a 5 % tanmc acid solution to one test-tube Put both tubes into an 
incubator Test with iodine solution after a few hours It will be found that the 
tannio acid has inhibited the action of the diastase 

Maltase. This enzyme hyclrolyzes maltose into two molecules of 
glucose 



Investigations upon maltase have, until recently, produced rather 
contradictory results, but later work (Davis, 12 Daish, 13, 14) has led to 
more satisfactory conclusions. The latter show that maltase is moat 
probably present in all plants m which hydrolysis of starch occurs It 
has been detected m leaves of the Nasturtium (Tropaeolum), the Potato 
(tiolanuni), the Dahlia, the Turnip (Brassica), the Sunflower (Jffehanthus) 
and the Mangold (Beta), and it is most probably widely distributed in 
foliage leaves. Its detection is not easy for various reasons which are 
as follows. It is not readily extracted from I/he tissues by water : it is 
unstable, being easily destroyed by alcohol and chloroform. Its activity 
is also limited or even destroyed at temperatures above 50 C. Hence 
the extraction of maltase, by merely poundmg up "tissues with water, 
does not yield good results moreover, as an antiseptic, toluol must be 
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used and not chloroform Finally, if the enzyme is to be extracted from 
dried material, this must not be heated at too high a temperature 
previous to the extraction 

Maltase occurs in quantity in both germinated and ungorminated 
seeds of cereals. If, in kilning, malt has not been heated at too high a 
temperature, the maltase may not be destroyed, and, in such cases, malt 
extract will contain both diastase and maltase. Tina would explain the 
fact that glucose, instead of maltose, has sometimes been obtained by 
the action of malt diastase on starch. In other cases, when a higher 
temperature has been employed, the maltase will be destroyed Maltase 
itself, of course, does not act directly upon starch but only on malLoso 
The use of chloroform, as an antiseptic, by some observers explains how 
they came to overlook the presence of maltase, thus obtaining maltose, 
and not glucose, as an end product in hydrolysis by malt extracts The 
optimum temperature for the maltase reaction is 39 C 

The presence of maltase in leaves is not readily shown for the 
following reasons Since maltase is destroyed by alcohol, the prepara- 
tion of a crude precipitate of the enzyme by precipitating a water 
extract of the leaves is not satisfactory. If the water extract is added 
directly to maltose, and incubated, hydrolysis may be demonstrated by 
determining the reducing power of the sugars formed A control 
experiment must, however, be made by incubating the water extract 
alone, and subsequently determining the reducing power of any sugars 
present 

Invertase. This enzyme hydroiyzes cane-sugar into one molecule 
of glucose and one molecule of laevulose . 

C U H SS U + H 2 = C H U + C H w Oo 

Invertase is probably very widely distributed in plants. Its presence 
has been demonstrated in the leaves arid stem, though not an the root, 
of the Beet (Beta vulgaris) (Robertson, Iryme and Dobson, 25). Also in 
the leaves of a number of other plants (Kastlo and Clark, 20). Jts de- 
tection, by its action on sucrose, is not easy on account of the presence 
of other enzymes and reducing sugars m leaf extracts. 

The absence of invertase from the root of the Beet raises a difficulty 
as to how the cane-sugar is synthesized from the hexoses supplied from 
the leaves (see p 71), Some observers (Robertson, Irvine and Dobuon, 
25) incline to the view that cane-sugar is synthesized in the stems and 
travels as such to the roots Others (Davis, Daish and Sawyor, 15) 
maintain that the cane-sugar is synthesized m the root, even though 
invertase is absent 
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CHAPTER VI 

THE FATS AND LIPASES 

A FAT may bo defined <is an ostei or glyceride of a fatty acid Just 
as an inoigamc salt, such as sodium chloride, is formed by the reaction 
of hydrochloric acid with sodium hydroxide, so a fat is formed by the 
reaction of the tnhydric alcohol, glycerol, and a fatty acid 

The word fab is not a familial one in botanical literature, the term 
oil being more commonly used It is generally met with in connexion 
with the reserve products of seeds The oils of seeds are, however, true 
fats The term oil may be misleading to some extent, because a fat 
which is liquid at ordinary temperatures is usually spoken of as an oil, 
and yet there are also many other substances, of widely differing chemi- 
cal composition, which have the physical pioperties of oils, and which 
are known as such. 

Most of the vegetable fats are liquid at ordinary temperatures but 
some are solids, 

The best-known series of acids from which fats are formed is the 
sencs C,j,H 2 , t 2 of which formic acid is the first member. The other 
membeis of the series which occur in fats are 

Acetic acid OH 8 OOOH or C 2 H,A 
Butyric acid C 8 H r COOH or C 4 H S 2 
Caproic acid C H U COOH or C H M O a 
Caprylic acid C 7 H 1B COOH or C 8 H M O a 
Capnc acid C fl H Ifl COOH or C 10 H ao O a 
Laurie acid C n H 28 COOB[ or QuHjwO,, 
Mynstic acid C r) H a7 COOH or M HOa 
Palmitic acid OwH^COOH or C 16 H M 8 
Slearic acicl 17 H 3S COOH or C^B^As 
Arachidic acid OioH^OOOH or C 2 oH 4 o0 8 
Behenic acid C ffl H, 13 COOB[ or CaaH 4t O a 

Another series is the oleic or acrylic series C,iH 2n _ a O a of which the 
members are 

Tighc acid H H 8 O a 
Oleic acid dgHsA 
Elaidic acid Ci 8 H 84 O a 
Iso-oleic acid C^H^Og 
Erucic acid CaaBUOs 
Brassidic acid C<JBL>0.. 



80 THE FATS AND LIPASES [OH 

Of these, oleic acid (as glycende) is the most widely distributed. 
Yet other series are 

The linolic C, l H2, l _40 2 

The Imolenic C ?1 H 2W _ 6 2 
The clupanodomc C n H 2n ,_ 8 2 
The iicinoleic C w H J?l _ 2 Oj 

The fat which occurs in an oil-containing seed is not composed of 
the glyceride of one acid, but is a mixture of the glycorides of several, 
or even a large number of different acids, often members from more 
than one of the above series Thus the fat of the fruit of the Coconut 
(Cocos nucifera) consists of a mixture of the glycerides of caproic, capiy- 
lic, capric, lauric, mynstic, palmitic and oleic acids. Linseed oil from 
the seeds of Lmum iisitatissimum again is a mixture of the glycei ides 
of palmitic, mynstic, oleic, hnolio, Imolenic and isolmolemc acids Simi- 
lar mixtures are found in other fruits and seeds. 

Since glycerol is a tnhydric alcohol, it would be possible for one or 
moie of the three hydroxyls to react with the acid to form mono-, di- or 
tri-glycendes All these cases occur and, sometimes, one hydroxyl is 
replaced by one acid, and another hydroxyl by a different acid. 

When the distribution of fats among the flowering plants is con- 
sidered, they are found to be more widely distributed than the botanist 
is generally led to suppose 

The following is a list of some of the plants especially rich in fats 
as reserve material in the fruits or seeds It represents only a selection 
of the better known genera, since many other plants have fatty seedy 
An approximate percentage of oil present in the fruit or seed is given. 

Graminaceae Maize (Zea Mays) 4 / 

Palmaceae . Oil Palm (Elaeis guinensis) 62 / Coconut Palm ((Jooos 
nucifera) 65 % 

Juglandaceae Walnut (Juglans regia) 52 "/ 

Betulaceae Hazel (Coryius Avellana) 55 /o. 

Moraceae Hemp (Gannabis saliva) 33 /o 

Papaveraceae Opium Poppy (Papaver sommferum) 47 / . 

Cruciferae Garden Cress (Lepidmm sativutn) 25 / ' Black Mustard 
(Sinapis mgra) 20%: White Mustaid (Sinapis alba) 25/ : Colm 
(Brasswa rapa var oleifera.) 33 % Rape (Brassica napus) 42 / 

Rosaceae Almond (Prunus Amygdalus) 42 / Peach (P. Persioa) 
35% Cherry (P Gerasus) 35 / Plum (P domettica) 27 / . 

Lmaceae Flax (Lmum usitatisbimum) 20-40 / . 

Euphorbiaceae . Castor-oil (Ricinus commums) 51 %. 
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Malvaceae. Cotton (Qossypium herbaceum) 24/ . 

Sterculiaceae Cocoa (Theobroma Cacao) 54/o 

Locythidaceae Brazil Nut (Bertholletia eascelsa) 68/o- 

Oleaceae Olive (Olea europaea) 20-70 /o Ash (Fraxmus excelsior) 
27% 

Kubiaceac Coffee (Ooffea ai abica) 12 /o 

Cucuibitacoae Pumpkin (Cucitrbita Pepo) 41 / 

Compositae Sunflower (Pletianthus annims) 38 % 

The conclusion must not be drawn fioui the above list that the 
seeds of the plants mentioned have exclusively fats as reserve materials. 
In many cases fat may be the chief reserve product, but m others it 
may be accompanied by either starch or protein or both. 

Some of the best-known examples of fat-containing seeds which 
yield " oils " of great importance in commerce, medicine, etc , are Ricinus 
(castor oil), Brassica (colza oil), Gossypium (cotton-seed oil), Cocos 
(coconut oil), JBlaeis (palm oil), Olea (olive oil) 

In the plant the fats are present as globules m the cells of the fat- 
containing tissues 

Plant fats may vary from liquids, through soft solids, to wax-like 
solids which generally have low melting-points. They float upon water 
in which they are insoluble. They are soluble in ether, petrol ether, 
benzene, chloioform, carbon tetrachlonde, carbon bisulphide, etc some 
are soluble in alcohol With osmic acid fats give a black colour, and 
they turn red with Alkanet pigment which they take into solution 

Kvpt 82 Tests for fait, Weigh out 50 guts, of Linseed (Lmum mttatissiimttn) 
and grind m a cofiee-imll. Put the Indeed meal into a flank, cover with ether, cork 
and allow tlio rmxtmo to .stand for i3 -12 hr.s Filter off tho other into i flask, lit 
with a condenser and distil oft' the ether over an electric heater (If a heater IH 
uot available, distil Irom a water-bath of boiling water after the llame has been 
turned out ) Whon tho bulk of the ether IH distilled oil, pour the residue into an. 
evaporating di,sh on a water-bath and drive off the rest of the ether With the residue 
make the following tents in test-lubes , 

(a) Try the .solubilities of the oil in water, petrol ether, alcohol and chloroform. 
It IN insoluble in water and alcohol, but soluble in petrol ether and chloroform 

(h) Add a little 1 (| /o .solution of osmio acid A black colour is formed (This re- 
action IN employed for the detection of fat iu histological Hectioiia.) 

(c) Add to tho oil a small piece of Alktuiot (Anchusa offiomalts) root, and warm 
gontly on a water-bath. The oil will be coloured red. Divide tho oil into two portions 
iu tc.st-tuboH To one add a little water, to the other alcohol. The coloured oil will 
rise to the .surface of tho water in one cane, and sink below tho alcohol in the other 
The Alkanet pigment being insoluble in both water and alcohol, thewe hqmdn 
uncoloured 

Keep some of the linseed oil for E.\pfc. 83 
o 
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It is well known that the hydrocaibons of the unsaturated ethylcne 
senes C n H 2n will combine directly with the halogens, chlorine, bromine 
and iodine to give additive compounds, thus 



ethylene biomide 

The acids of this series also behave in the same way, and since many 
plant fats contain members of the series, the fats will also combine with 
the halogens 

Expt 83 To skoto the pi esence of unsatw ated groups ^n fat To a little of the 
linseed extract add bromine water Note the disappearance of the biomine and the 
formation of a solid product 

One of the most important chemical reactions of fats is that known 
as sapomfication When a fat is heated with an alkaline hydroxide the 
following reaction takes place 

CirH S5 CO O CH 2 

C 17 H 3g CO O CH +3KOH=3C 17 H 3 r,COOK + CH 2 OH CHOH CH 2 OH 

| glycerol 

C 17 H gi5 CO CH 2 

tnnteann 

The potassium salt, potassium stearate,. of the fatty acid, stearic 
acid, is termed a soap The ordinary soaps used for washing are mix- 
tures of such alkali salts of the various fatty acids occurring m vegetable 
and animal fats, and are manufactured on a largo scale by saponifying 
fats with alkali The soaps are soluble in water, so that when a fat is 
heated with a solution of caustic alkali, the final product is a solution of 
soap, glycerol and excess of alkali. The soap is insoluble in saturated 
salt (sodium chloride) solution, and when such a solution is added to 
the saponified mixture, the soap separates out and rises to the 
surface of the liquid This process is known as " salting out," If the 
saponified mixture is allowed to cool without salting out, it sots to 
a jelly-like substance When caustic potash is used for saponifieatioti 
and the product is allowed to set, a "soft" soap is formed. Hard soaps 
are prepared by using caustic soda and salting out. 

The properties of soaps in solution are important. Whon a soap 
goes into solution, hydrolysis takes place to a certain extent with bin* 
formation of free fatty acid and free alkali Tho free fatty acid then 
forms an acid salt with the unhydrolyzed soap, This acid sail gives rise 
to an opalescent solution and lowers the surface tension of the water 
with the result that a lather is readily formed. 

The property of soaps of lowering surface tension is the reason for 
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their producing very stable emulsions when added to oil and water (see 
chapter on colloids, p 11) 

Expt, 84. Hydrolysis of fat with allah Take 12 Brazil nuts, the seeds of Berthol- 
letia (Lccythidaceae) Crack the seed coats and pound the kernels in a mortar Put 
the pounded nut in a flask, cover it with ether, and allow the mixture to stand for 
2-12 hrs Filter into a weighed or counterpoised flask and distil off the other as in 
Expt 82 Weigh the oil roughly and add 4-5 times its weight of alcoholic caustic 
soda (prepaied by dissolving caustic soda in about twice its weight of water and 
mixing the solution with twice its volume of alcohol) Heat on a water-bath until 
no oil can be detected when a drop of the mixture is let fall into a beaker of water 
Then add saturated sodium chlonde solution The soaps will rise to the surface 
Allow the soaps to separate out for a time and then filter Press the soap dry with 
filter-paper, and test a portion to see that it will make a lather Neutralize the 
filtrate from the soap with hydrochloric acid and evaporate as nearly as possible to 
dryness on a water-bath Extract the residue with alcohol and niter Test the 
nitrate foi glycerol by means of the following tests 

() To a little of the solution add a few drops of copper sulphate solution and 
then some sodium hydi oxide A blue solution is obtained owing to the fact that 
glycorol prevents the precipitation of cupno hydroxide 

(b] Treat about Sec. of a 5 % solution of borax with sufficient of a 1 % solu- 
tion of phenolphthalom to produce a well-marked red colour. Add some of the 
glyceiol solution (which has first been made neutral by adding acid) drop by drop 
until the red colour just disappears Boil the solution : the colour returns. The 10- 
actiori is probably explained thus, Modiura boratc IB slightly hydrolyzed m solution 
and bonx acid, bomg a weak acid, is only feebly ionized, and therefore the solution 
is alkaline. On adding glycerol, glyceroboric acid (which is a strong acid) is formed 
and so the reaction changes to acid. On heating, l^he glyceroboric acid is hydrolyzed 
to glycerol and boric acid, and the solution again becomes alkaline 

(c) Heat a drop or two with solid potassium hydrogen sulphate in a dry test-tube ; 
the pungent odour of acrolfein (acrylic aldehyde) should be noted 

C a H 8 O 3 =sCjH 8 -CHO-f2H a O. 

Iii addition to Brazil nuts, the following material can also be used 
endosperm of Coconut, ground linseed, almond kernels and shelled seeds 
of the Castor-oil plant (lUoimis) about 50 gms. should be taken in. 
each case 

Expt 85 Reactions of soaps (a) Take some of the soap which has boon filtered 
oft' and shake up with water in a test-tube. A lather should be formed (?>) Make 
a solution of a little of tho soap in a test-tubes and divide it into throe parts To each 
add respectively a httlo barium chloride, calcium chloride and lead acetato solutions. 
The insoluble barium, calcium and lead salts will be precipitated. (The curd which 
is formed in the case of soap and hard water is tho insoluble calcium salt ) Thirdly, 
take the remainder of the soap and acidify it with dilute acid in an evaporating dish, 
and warm a little on a wator-bath. The soap is decomposed and tho fatty acids arc 
set free and rise to the surface. 
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Expt, 86 Reactions of fatty acids (a) Try the solubilities in ether and alcohol 
of the acids from the previous experiment They are soluble (5) Shake an alcoholic 
solution of the fatty acids with dilute bromine water The colour of the bromine is 
discharged owing to the bromine forming additive compounds with the vmsatuiated 
acids 

The question of the metabolism of fats in the plant is a very com- 
plicated one and has not yet been satisfactorily investigated. All plants 
may have the power of synthesizing fats, and a great number, as we have 
seen, contain large stores of these compounds in the tissues of the 
embryo, or endosperm, or both The point of interest is that of tracing 
the processes by which these fats are synthesized, and are again hydro- 
lyzed and decomposed The products of decomposition may soive for 
the synthesis of other more vital compounds as the embiyo develops, 
and before it is able to synthesize the initial caibohydratos, and to. 
absorb the salts requisite for geneial plant metabolism 

One fact seems fairly clear, namely that when fat-containing seeds 
germinate, an enzyme is present in the tissues which has the power of 
hydrolyzmg fats with the foimation of fatty acids and glycerol. Such 
enzymes are termed lipases 

The lipase which has been most investigated is that which occurs in 
the seeds of the Castor-oil plant (Ricmus commums) It has been shown 
that if the germinating seeds are crushed and allowed to autolyze 
(p 19) in the presence of an antiseptic, the amount of fatty acid in- 
creases, whereas in a control experiment in which the enzymu han bt'cjn 
destroyed by heat, no such increase takes place (Reynolds Green, 0, 10) 

Investigation has shown the enzyme to be present also in the 1 nesting 
seed, but in an inactive condition as a so-called zymogen (Armstrong, 
4, 5, 6, 7) The zymogen is considoied to be a salt and, after acidifica- 
tion with weak acids, the salt is decomposed, arid the emymu becomes 
active After the preliminary treatment with acid, however, I/ho onxyiuo 
is most active in neutral solution. The effect of acid on the- jjymogen 
may be demonstrated by autolyzmg the ciushod seed with a httlo 
dilute acetic acid, the increase of acidity will be found to be much 
greater than m the case of a control experiment in which acid hut* not 
been added. 

It has not been found possible to extract the oiissyme from the 
resting seed An active material can be obtained by digesting the 
residue, after extraction of the fat, with dilute acetic acid and finally 
washing with water This material can then be used for testing the 
hydrolytie power of the enzyme on various fats. 
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There is little doubt thai lipaso catalyzes the synthesis of fats as 
well as the hydrolysis , the reaction, in fact, has been carried out to a 
certain extent in vitro 

Expt 87 Demonstration of the existence of lipa.se MI ungonnnated Ricmus seeds 

A Remove the tostas from about two do^en Rioinus seeds and pound the kernels 
up in a mortar Into three small flasks (), (i) and (c), put the following 

(a) 2 gms of pounded seed + 10 c c of watei 

(6) 2 grns of pounded seed + 10 c c of water + 2 c c of N/10 acetic acid. 

(<j) 2 gma of pounded seed 4- 10 c c of water + 2 c c of N/10 acetic acid, and 
boil well. 

Add a few drops of chloroform to all three flasks, plug them with cotton-wool, 
arid allow them to incubate for 12 hours at 37 Then add 2 c c of N/10 acetic 
acid to flask (a), and 25 c c of alcohol to all three flasks Titrate the fatty acids 
present with N/10 alkali, using phenolphthalem as an indicator, A greater amount 
of fat should be hydrolyzed in (I) than in (a), and also slightly more in (a) than in 
(c) The addition of alcohol checks the hydrolytie dissociation of the soap formed on 
titration 

B Pound up about 15 grns of Rioinus seeds which have been freed from their 
testas, and lot the pounded mass stand with ether for 12 hrb. Then filter, wash with 
ethor and dry the residue Weigh out three lots, of 2 gms each, of the fat-free meal 
and treat as follows 

(a) Grind up the 2 gma of meal in a mortar with 16 c c of N/10 acetic acid 
(i e 8 c c of acid to 1 grn of meal), and lot it stand for about 15 minutes Then 
wash well with water to free from acid, and transfer the residue to a small flask 
Add 5 c c of castor oil, 2 c c, of water and a few drops of chloroform 

(6) Treat the 2 grns of meal as in (a), but, after washing, and before transferring 
to the flask, boil well with a little distilled water Add 5 c c. of oil, 2 c c. of water 
and a few drops of chloroform 

(c) Put the 2 gms. of meal into the flask without treatment and then add 5 c c 
of oil, 2 c c of water and a few drops of chloroform. 

Incubate all three flasks for 12 hours, aud then titrate with N/10 caustic soda, 
after addition of alcohol as in A A certain amount of acetic acid is always retained 
by the seed residue, and this is ascertained from the value for flask (I). Flask (c) 
will act as the control 

Another question to be considered is the mode of synthesis in the 
plant of tho complex fatty acicls which form the components of the fats 
No conclusive work has been done in this direction, but many investi- 
gators have held the view thai the fats arise from carbohydrates, notably 
the sugars. In fact, it has been shown that in Paeonia and Ricinus, as 
the seeds mature, carbohydrates disappear and fats are formed. 

The sequence of events, however, in the synthesis of fatty acids 
from sugars is very obscure. If we examine the formulae, respectively, 
of a hexose 

CH 2 OH ' CHOH CHOH CHOH CHOH CHO 
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and a fatty acid, e g myristic acid 

H H C CH 2 'CH 2 CH 2 CH 2 'CH 2 CH 2 CH 2 CH 2 CH 3 CH 2 CH 2 CH 2 COOH 

it is seen that three mam changes are concerned in the synthesis of 
such a fatty acid from sugar, i e reduction of the hydroxyl groups of the 
sugar, conversion oi the aldehyde group into an acid group, and finally 
the condensation or linking together of chains of carbon atoms. An 
interesting fact in connexion with this point is that all naturally occm- 
ring fatty acids have a straight, and not a branched, carbon chain It 
has been suggested (Smedley, etc, 11-13) that acetaldehydo and a 
ketomc acid, pyruvic acid, may be formed from sugar. By condensation 
of aldehyde and acid, another aldehyde is formed with two more carbon 
atoms By repetition of the process, with final i eduction, fatty acids 
with straight chains are produced. 
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CHAPTER VII 

AROMATIC COMPOUNDS AND OXIDIZING ENZYMES' 

THE aromatic compounds may bo defined as substances containing 
the benzene carbdn ring or a similar ring A very great number occur 
among the higher plants but of these many are rest/noted in distribution, 
and may only be found m a few genera or even in one genus . others, 
on the other hand, are widely distributed At present oui knowledge of 
the part they play in general plant metabolism is obscure. 

The more widely distributed aromatic plant products may be grouped 
as 

1 The phenols, and their derivatives. 

2 The aromatic alcohols, aldehydes and acids (including the tan- 
nins), and their derivatives. 

3 The tiavone, llavonol and xanthone pigments, known as the soluble 
yellow colouring matters. 

4 The anthocyan pigments, known as the soluble red, purple and 
blue colouring matters. 

In connexion with the aromatic compounds it should be noted that 
many of them contain hydroxyl groups, and one or more of these groups 
may be replaced by the glucose residue, C fl H n O r , , with elimination of 
water and the formation of a glucoside, in the way already described 
(see p 48). The majority of such compounds are sometimes classed 
together as a group the glucosides regardless of the special nature of 
the substance to which the glucose is attached (this course has been 
followed to some extent m Chapter ix. with compounds, the chief 
interest of which lies in their glucosidal nature) In treating of the 
aromatic substances m the following pages, mention will be made when 
they occur as glueosides, this combination being in these cases only a 
subsidiary point in their structure. 

The various groups of aromatic substances will now be considered 
in detail. 

PHENOLS. 

There are three dihydnc phenols, resorcinol, catechol and hydro- 
(niinonc, but of these only the last is known to exist in the free state in 
plants. The two former frequently occur as constituents of complex 
plant products, and may be obtained on decomposition of such complexes 

Vtr fiienrm -anfli Q+VATI cr nllrnli nfp 



AROMATIC COMPOUNDS AND [OH 

OH 

/X 





OH OH OH 

Resorcmol Catechol Hydroquiuono 

Hydroqumone has been found in the free state in the leaves and 
flowers of the Cranberry (Vaocimum V^t^s-Idaea). As a glucoside, 
known as urbutm, it occurs m many of the Ericaceae (see also p. 151). 

Phlorogluem is the only member of the tnhydroxy phenols found 
uncombmed in plants It is very widely distributed in the combined 
state in various complex substances (Waage, 27) 

OH 




OH 

Phloroglucm 

AROMATIC ALCOHOLS AND ALDEHYDES 

The following are some of the better known compounds of this group 
Saligemn, or salicylic alcohol, m the form of the glucoside, sahcin, 
occurs in the bark of certain species of Willow (Saliiv), and in the 
flower-buds of the Meadow-sweet (Spiraea Ulmana] Salicm is hydro- 
lyzed by an enzyme contained in the plant in which it occurs, into 
saligenm and glucose (see also p. 152) 

CHOH 



Saligenm 

Salicylic aldehyde occurs in species of Spiraea and other plants. 

Coniferyl alcohol, as a glucoside, coniform, is found in various 
conifers and also m Asparagus (Asparagus offiwnahs) Com fen in is 
hydrolyzed by dilute acids or by enzymes (emulsm) into conifcryl alcohol 
and glucose (see also p 151). 

CH = CH CH a OH 



CHs 



V 

OH 

Conifervl 
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Comferyl alcohol when oxidized yields the aldehyde, vanillin (so 
much used for flavouring), which occurs m the fruits of the Orchid 
( Vanilla plamfolui). 

AEOMATIC ACIDS 

Of this group the following are some of the best known representa- 
tives 

Salicylic acid is a monohydroxybenzoic acid It occurs both in 
the form of esters and in the free state m various plants 

Protocateclmic acid is a dihydroxybenzoic acid. It has been found 
m the free state in a few plants, but is more widely distributed as a 
constituent of many plant products As will be shown later it forms 
the basis of one of the series of tannins. 

COOH COOH 

A 
\J OH 

OH 

Salicylic acid Protocatechuic acid 

Gallic acid is a tnhydroxybenzoic acid 

COOH 




7O H 

OH 

It occurs free in gall-nuts, in tea, wine, the bark of sonic trees and 
in various other plants It forms a constituent of many tannins It is 
a crystalline substance not very readily soluble m cold but more soluble 
in hot water. In alkaline solution it rapidly absorb.s oxygen from the 
air and becomes brown in colour 

jExpt 88 Tha cxiiaation, ti'itd reactions of galUa acid Take 100 gms. of tea, dry 
in a steam oveu and grind in a mortar Put tlio powder into a flask and cover well 
with ether The preliminary drying and grinding can be omitted, but if carried out 
will make the extraction more complete. After at least 24 hrs filter off the extract, 
and either dintil or evaporate off the ether The ether will bo coloured deep green 
by the chlorophyll present in tlie dried leaves, and a green residue will bo left. &dd 
about 20 c.c. of distilled water to the lusidue, heat to boiling and filter Heating 
is necessary because the gallic acid is only sparingly soluble in cold water Keep the 
residue for Expt 91 With the filtrate make the following tests ; for (a), (6) and (c) 
dilute a few drops of the filtrate in a porcelain dish 

(a) Add a drop of ferric chloride solution. A blue-black coloration is given, 
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(6) Add a drop or two of iodine solution. A transient red colour appears 

(c) Add a drop or two of lime water A reddish or blue coloration will be given, 

(d) To a few c c of the filtrate in a porcelain dish add a little lead acetate solu- 
tion A precipitate is foimod which turns red on addition of caustic potash solution, 
and dissolves to a red solution with excess of potash 

(e) To a few c c of the filtrate in a test-tube add a little potassium cyamde 
solution A pink colour appears, but disappears on standing On shaking with air it 
leappears 

(/) To a few c c of the nitrate in a test-tube add a few drops of 10 "/ gelatine 
solution IS[o precipitate is formed 

(g) To a few c c of the filtiate in a test-tube add a little lead nitrate solution 
No precipitate is formed 



TANNINS. 

This is a large group of substances, many of which are of complex 
composition They arise in the plant from simpler compounds, such as 
protocatechmc, gallic and ellagic acids Their formation takes place in 
various ways, either by condensation, accompanied by elimination of 
water, or by oxidation, or both, there may also be condensation with other 
aromatic complexes 

The tannins are widely distributed in the higher plants and, although 
no very systematic investigation has been made, it is obvious that some 
plants aie rich m these substances, others poor, and o Chora, again, 
apparently entirely without them. The tannins generally occur m 
solution in the cells of tissues of the root, stem, leaf, fruit, seed and 
flowers sometimes they are confined to special cells, tannin-sacs, but 
after the death of the cell, the cell-walls of the dead tissue become 
impregnated with the tannin. In tannin-producing plants, the Ummn 
is generally found throughout the plant, and it probably tends l,o 
accumulate in permanent or dead tissues, such as the bark ((load cortex 
and cork), woody tissue, underground stems, etc. 

Tannins appear to be more frequent in woody than in herbaceous 
plants, though in the latter they naturally only accumulate m the 
persistent underground stems and root-stocks In annuals, also, tannins 
seem to be more rare this may be duo to the fact that m a short-lived 
plant, comparatively little tannin is formed and is not so readily detected 
as in the tissues of a perennial. 

In certain plants which are highly tannin-producing and are also 
woody perennials, the bark becomes very rich in tannins. These barks 
are consequently of considerable commercial importance for tanning of 
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leather As examples may be taken species of Gaesalpinia, Spanish 
Chestnut (Castanea), Eucalyptus, Oak (Quercus), Mangrove (Rhizophora), 
Sumac (Rims) Tannins also occur m quantity m galls, especially on 
species of Quercus, 

As a class, the tannins aie non-crystalline and exist in the colloidal 
state in solution. They have a bitter astringent taste. They have 
certain properties and reactions in common, i e they precipitate gelatine 
from solution, arc themselves precipitated from solution by potassium 
bichromate, and give either blue or green "colorations with solutions of 
iron salts. Many tannins occur as glucosides but this is by no means 
always the case 

It is possible to classify the tannins into two groups accoi ding aa 
to whether they are complexes derived from protocatechuic acid or gallic 
acid 

1 The pyrogallol tannins. These give a dark blue colour with 
ferric chloride solution, and no precipitate with bromine water. 

2. The catechol tannins. These give a greenish-black colour with 
iron salts, and a precipitate with biomme water 

Esspt 89 Reactions of tan tuns Take throe oak galls (the brown galls foimed by 
species of Oymps on the Common Oak) and pound thorn finely in a mortar Boil up 
the powder well with a Bmall amount of water in an evaporating basin and let stand 
for a short time. Then niter The filtiato will contain tannin together with 
impmitics Make the following tests with the extract . 

(a) Put 2 o c of the tannin extract into A small evaporating dish, dilute with 
water, and add a drop or two of feme chloride solution A deep blue-black colour M 
produced 

(6) Put 2 or 3 drops of the tannin extract into a small evaporating dish, and 
dilute with water add a little dilute ammonia and then a few drops of a dilute 
solution of potassium ferncyamde solution. A red coloration will appear 

(?) To 5 o c of the tannin solution in . test-tube add some strong potassium 
dichromate solution The tannin will be precipitated. 

(d) To about fi c c of the tannin extract in a teat-tube add a little lead acetate 
solution The tannin will be precipitated, 

(e) Melt a little of a 10 % solution of gelatine by warming gently and then pour 
drop by drop into a test-tube half full of tannin extract. The gelatine will be 
precipitated 

For the above tests, in addition to galls, the bark stripped from two to throe year 
d twigs of Quercus may also bo used, and wdl give the same reactions The bark 
should bo cut into small pieces for extraction. 

It should be noted that although many tannins give the above 
reactions, it does not necessarily follow that all tannins will give all the 
reactions. 
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To demonstrate the existence of pyrogallol and aatechol tannins The 

a pyrogallol tauniu which gives a blue reaction with iron salts has 

,ted in the last experiment on the Oak galls and the hark from Oak twigs 

the Sumac (RJms Conuna) and the fruit pericarp, leaves and bark of the 

nut (Castanea iwtgaiu) may be used as additional material for pyrogallol 

on-greeimig tannin stup off the outer bark from two to three year old 
Horse Chestnut (Aesoulus Hippocastanum] Cut or tear the bark into 
and boil uell with a little water in an evaporating di&h Filter and test 
th feme chloride solution as in Expt 89 A gieen coloiation will be 
-greening tannins may also be extracted from the bark of twigs of the 
flans reffia) and of the Larch (Lanis eui opaea) 

&e of both classes of tannins, in addition to the feme chlonde reaction, 
Expt 89 (c) and (e) should also be made on the extracts, in ordoi to 
presence of tannin, since other substances, such as flavonqs, may give a 
with iron salts (see p 94) 

>f the individual tannins will now be considered 

annic (or tannic) acid is one of the most important of the 
tannins. It occurs in Oak galls and Oak wood, m tea, in the 
uis Oonana), etc According to recent investigations (Fischer 
Biiberg, 8) tannic acid may be regarded as a compound of one 
'f glucose with five molecules of digallic acid in which five 
of the sugar are estenfied by five molecules of acid 

CH 2 (OX) CH(OX) CH CH(OX) CH(OX) CH(OXJ 



X= CO C B H 2 (OH) 2 O CO C B H 8 (OH), ,f 

acid is an almost colourless amorphous substance. It has an 

taste, is soluble in water and alcohol, only slightly soluble in f 

insoluble m chloroform It is decomposed, by boiling with i 

jhloric acid, into gallic acid y 

i, 

Extraction and reactions of tannio (or gallotannic] acid. By a orudo f 

utiou of gallotannio acid can be obtained from tea. About 5 gms of tho j< 

' the extraction with ether an Expt 88, is again oxti acted with other I 

5 which will remove all but traces of gallic acid. Boil \\p tho residue from t 

little water and filter With the filtrate make the following tests which f' > 
between gallic arid gallotannio acid 

>out 10 c c add a little 10 % gelatine The gelatine is precipitated ' 

Little of the filtrate add a few drops of lead nitrate solution. Tho tannio [ 
jitated 

jnmg tests are given in common with gallic acid. If the extract is too 

ite with water V 

5 A few drops of tho filtrate with water in a porcelain dish and add a j 
; chloride solution A blue-black colour is given 
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(a?) Dilute a few drops of the filtrate with water in a porcelain dish and add a 
drop 01 two of iodine solution A transient icd colour is formed 

(e) To a little of tho filtrate m a test-tube add a few drops of potassium cyanide 
solution A reddish-brown colour is formed which changes to brown but becomes 
red again on shaking with air 

In addition to tannic acid, a groat many other tannins are known, 
but their constitution is obscmo 

Expt 92 To demonstrate that m tan inn-containing plants the tannin may be 
((ho piesent in the leayw* Take about two dozen leaves of the Common Oak 
(tyitercus Robur) and pound them in a mortar. Then boil the crushed mass m an 
evaporating dish with a httlo water Filter, and with the filtiate make tho tests for 
tannin Leaves of other trees also may bo used, o g the Wig Tree (Rftus Cotmus}, 
Sweet Chestnut (Cahtanea vulgans) 

JSvpl 93 To demo usti ate that tanninh may be present in herbaceous as well as 
woody plants. Extract some leaves, as in the last experiment, of Scarlet Geranium 
(Pelargonium zonale) and tost for tannin 

Expt 94 To demonsti n te that tannins twy be present in petals and fruits, in 
addition to other parts of the plant Extract and test lor tannins as in the last experi- 
ment, using petals of Pelargonium conale, Common Paeony (Paeonia officinahs) or 
Rose (any garden variety), inflorescence of Flowering Currant (Rtbes sangumeum\ 
floworta of Ilorso Chestnut (AcsoulvA Hippoaastanum] or pericarp of Sweet Chestnut 
(Gastanca}, 

THE FLAVONE AND FLAVONOL PIGMENTS. 

These yellow colouring matters are very widely distributed in the 
higher plants (Shibata, Nagai and Kishida, 2G). They are derived from 
tho mother substances, flavono and fiavonol, the latter only differing 
from the former in having the hydrogen m the central y-pyrone ring 
substituted by hydroxyl : 

-CK 





Flavono Plavonol 



The naturally occurring pigments, however, have additional hydro- 
gen atoms replaced by hydroxyl groups, that is they are hydroxy- 
flavon.es and flavonols, and the various members differ among each other 
in the number and position of these hydroxyl groups Some of the 
members are widely distributed, others less so. Quite often more than 
one representative is present m a plant. 
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The flavone and flavonol pigments are yellow crystalline substances, 
and as members of a class they have similar properties. They occur in 
the plant most frequently as glucosides, one or more of the hydroxyl 
groups being replaced by glucose, or, sometimes, by some other hexose, 
or ppntose. In the condition of glucosides, they are much less coloured 
than in the free state, and, being present in the cell-sap in very dilute 
solution, they do not produce any colour effect, especially in tissues 
containing chlorophyll. Occasionally they give a yellow colour to tissues, 
as in the rather rare case of some yellow flowers (Antirrhinum} where 
colour is due to soluble yellow pigment. 

In the glucosidal state, the flavone and flavonol pigments are, as a 
rule, readily soluble in water and alcohol, but not in ether In the non- 
glucosidal state they are, as a rule, readily soluble m alcohol, somewhat 
soluble in ether, but soluble with difficulty m water 

The flavone and flavonol pigments can be easily detected in any 
tissue by the fact that they give an intense yellow colour with alkalies 
( Wheldale, 29). If plant tissues be held over ammonia vapour, they turn 
bright yellow, showing the presence of flavone or flavonol pigments the 
colour disappears again on neutralization with acids (The reaction is 
especially well seen in tissues free from chlorophyll, such'as white flowers ) 
This reaction will be found to be almost universal, showing how wide is 
their distribution With iron salts, solutions of the pigments give green or 
brown colorations With lead, insoluble salts are formed Several of 
the members are powerful yellow dyes, and hence some plants in which 
they occur, such as Ling (Erica oinerea), Dyer's Weld or Rocket (Reseda, 
luteola), have been used for dyeing purposes The value of these colour- 
ing matters as dyes has led to their chemical investigation, arid as a 
result the constitution, etc, of the hydroxy-flavones and flavonols is 
well established 

JE&pt 95 Demonsti ation of the presence of Jlavone or flavonol pigments in tissues 
without chlorophyll. Take flowers of any of the undermentioned speciOH and put 
them in a flask with a few drops of ammonia They will rapidly turn yellow owing 
to the formation of the intensely yellow salt of the flavone or flavonol pigments 
piesent in the cell-sap. If the flowers are next treated with acid the yellow colour 
will disappear 

Also make an extract of some of the flowers with a little boiling water, Filter, 
cool and add the following reagents 

(a) A little alkali A yellow colour is produced 

(6) A little ferric chloride solution. Either a green or brown coloration is 
produced. 

(c) A little basic lead acetate solution A yellow precipitate of the lead salt of 
the flavone er flavonol pigment is formed 
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The flowers of the following species can be used Snowdrop (Galanthus m<vahs\ 
Narcissus (JVat cissus poeticus), white variety of Lilac (Syringa vulgai is], Hawthorn 
(Crataegus O.ryacantha), White Lily (Lilium candidum), white var of Phlox, double 
white Pink, white Stock (Mattkwla) etc , etc , in fact almost any species with white 
flowers or a white variety 

Expt 96 Demonstration of the presence of Jtavone or flavonol pigments in tissues 
containing chlorophyll. Make a hot water extract of the leaves of any of the under- 
mentioned species Make with it the same tests as in the previous experiment. 

The following plants may bo used Snowdrop (Qalanthus mvalts), Dock (Rumex 
obtmifohus), Goutweed (Aegopodvwm, Podagrana), Dandelion (Taraxacum officinale), 
Violet ( Viola odoiata), Ribwort Plantain (Plantago lanceolata), Elder (Sambucus 
mgra). 

The most important fla/uone pigments are apigemn, chrysm and 
luteolm 

-Apigenin has not yet been found to be widely distributed. Its 
formula is 




OH 

It occurs in the Parsley (Garuin Petroselinum) (Porkin, 18) and in 
the flowers of the ivory-white variety of Snapdragon (Antirrhinum 
majus) (Wheldalc and Bassett, 30). 



07 Extraction ofapiin, the glucosidc of apiffcnin, Jrom the Parsley (Oarum 
Potronelinum). Take some Parsley loaves and boil in as little water as possible 
Filter off the extract and make the following tests for apigemn * 

(a) Add alkali A lemou yellow coloration is given, 

(b) Add basic lead acetate solution A lemon yollow precipitate is formed 
() Add feme chloride solution A brown colour is produced. 

(d) Add ferrous sulphate solution A reddish-brown colour is produced. 

Apim frequently separates out in a gelatinous condition from aqueous 
and dilute alcoholic solutions. 

Chrysin is a flavone occurring m the buds of various species of 
Poplar (Populus) It has the foimula 
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Luteolin does not appear to be widely distributed, though possibly 
it occurs m many plants in which it has not yet been demonstrated. Its 
formula is represented as 




'OH 



It occurs in the Dyer's Weld or Wild Mignonette (Reseda luteola] 
(Perkm, 17), Dyer's Greenweed or Broom (Genista tinctorm) (Perkm, 23) 
and in the yellow variety of flowers of the Snapdiagon (Antirrhinum 
majus) (Wheldale and Bassett, 32) It has been much used as a yellow 
dye hence the names of the first two plants (Perkm and Hoisfall, 20) 

The most important flavonol pigments are queicetm, kaempferol, 
myncetm and fisetin 

Quereetm is apparently one of the most widely distributed of the 
whole group of yellow pigments, and has the formula 




It occurs, either free, or combined with various sugars (glucose, 
rhamnose) as glucosides, in many plants, as for instance the following : 
in the bark of species of Oak (Qiiercus), in berries of species of Buck- 
thorn (Rhamnvs), in flowers of Wallflower (Oh&%ranthus Ghein), Hawthorn 
(Crataegus Oxyacantha] (Perkm and Hummel, 22), Pansy (Viola tricolor] 
(Perkm, 19) and species of Narcissus in leaves of Ling (Galluna erica] 
(Perkm, 23), and the outer scale leaves of Onion bulbs (Peikin and 
Hummel, 21) 

JEsspt 98, Preparation of a glucoside of quercetm from Narcissus flowers. The 
species of Narcissus which can be used are N Tazetta, N incomparabiks^ and any of 
the common yellow trumpet varieties Poxxnd about 50 flowers in a mortar and then 
extract in a flask with boiling alcohol Filter off the alcoholic extract and evaporate 
to dryness , then add a little water and ether and transfer the whole to a separating 1 
funnel The ether takes up the plastid pigments, but at the plane of separation of the 
liquids, the glucoside separates out as a crystalline deposit This can bo filtered off ; 
with a dilute solution in alcohol make the following tests 

(a) Add a little alkali The yellow colour is intensified, but the intensification 
disappears on adding acid 
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(6) Add a little lead acetate solution An oiange precipitate of the lead wait 

formed 

(c) Add a little ferric chlonde solution A green coloration is produced 

(a) Heat some of the alcoholic solution on a watei-bath, acidify with stion 

hydrochloric acid and add zinc dust A magenta colour is pioduced (see p 106) 

Expt 99 Preparation of etude yiierretm from Onion sJans (Peikm, 21) Tak 
about 50 gins of the brown outei skins of onions and boil with 900 c c of water fo 
an hour Then later and allow the filtrate to stand for 24 hrs A biowmsli-yello\ 
deposit is formed which is crude quereetm Filter this off and dissolve in 75 / 
alcohol and allow to evaporate slowly Quercetm will be deposited With a solutioi 
in dilute alcohol make the same tests as m the last experiment 



100 Preparation of a quercetin gluoo^ida fiom Walljftowet (Choiranthuf 
Chein) flowers (Pcrkiu and Hummel, 22) Take 20 gms of petals of floweis of eithe] 
the brown or yellow variety and drop them into boiling alcohol in a flask Filtei anc 
evaporate the oxtiact to dryness on a water-bath Dissolve the residue m water ,ino 
add ether Tn the case ol the yellow variety the yellow plastid pigments aro taker 
up by the ether, and the quercctm glucoside partly crystallizes out from the watei 
as in Expt 98 In the case of the blown variety both quercctm glucoside and 
anthocyan pigment are present as well as plastic! pigments The two former go into 
solution in the water and the glucoside in time crystallizes- out In either case the 
glucoside can be filteied off and tested as in the previous experiment A positne 
result will be given m each case. 

"" Kaempferol occurs m the flowers of a species of Larkspur (Delphi- 
nium. conaohda) (Perkm and Wilkinson, 25) and Prunus (Pcrlun and 
Plupps, 24) and in the leaves or flowers of several other plants. It has 
the formula 




v Myrieetin and fisetm are two other flavones which have been found 
in species of Sumac (Rhus) and other plants. They have respectively 
the formulae 




HO 




o. 
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THE ANTHOCYAN PIGMENTS. 

These pigments are the substances to which practically all the blue, 
purple and red colours of flowers, fruits, leaves and stems are due 
(Wheldale, 3) They occur in solution in the cell-sap and are very 
widely distributed, it being the exception to find a plant in which they 
are not produced As members of a group, they have similar properties, 
but differ somewhat among themselves, the relationships between them 
being much the same as those between the various flavone and flavonol 
pigments They occur in solution in the cell-sap but occasionally they 
crystallize out in the cell They are present in the plant in the form of 
glucosides, and in this condition they are known as anthocyamns , as 
glucosides they are readily soluble in water and as a rule in alcohol 
[except blue Columbine (Aqwikgia), Cornflower (Centaurea Gyanus) and 
some others] but are insoluble m ether and chloroform The glucosides 
are hydrolyzed by boiling with dilute acids, and the resulting products, 
which are non-glucosidal, are termed anthocytinichns (Willstattcr and 
Everest, 85) The latter, m the form of chlorides, are insoluble in ether, 
but are generally soluble in water and alcohol The anthocyamns can 
be distinguished from the anthocyamdms in solution by the addition of 
amyl alcohol after acidification with sulphuric acid. The anthocyamdms 
pass over into the amyl alcohol, the anthocyamns do not. The antho- 
cyamns and anthocyamdms themselves (with one exception) have not 
yet been crystallized, but of both classes crystalline derivatives with 
acids have been obtained (Willstatter and Everest, 35). 

In considering the reactions of anthocyan pigments the difference 
between those given by crude extracts and those of the isolated and 
purified substances must be borne m mind. With acids the anthocyan 
pigments give a red colour with alkalies they give, as a rule, a blue or 
violet colour when pure, but if flavone or flavonol pigments are present 
(as may be the case in a crude extract) they give a green colour, due to 
mixture of blue and yellow. In solution in neutral alcohol and water 
many anthocyan pigments lose colour, and this is said to be due to the 
conversion of the pigment into a colourless isomer which also gives a 
yellow colour with alkalies (Willstatter and Everest, 35), hence even a 
solution of a pure anthocyan pigment may give a green coloration with 
alkali due to mixture of blue and yellow. The isomenzation can be 
prevented or lessened by addition of acids 01 of neutral sails which form 
protective addition compounds with the pigment With lead acetate 



vn] OXIDIZING ENZYMES 99 

anthocyan pigments give insoluble lead salts, blue if the pigment is 
pure, or green, as in the case of alkalies, if it is mixed with flavone or 
flavonol pigments, or the colourless isomer 

When anthocyau pigments are treated with nascent hydrogen, the 
colour disappeais but returns again on exposure to air It is not known 
what reaction takes place 

Expt 101 The reactions of anthoGyamns and anthooyairidins Extract petals of 
the plants mentioned below with boiling alcohol in a flask Note that the anthocj an 
colour may disappear in the alcoholic extract Filter off some of the alcoholic extract 
and make the following tests (or) and (5) with it 

(a) Add a little acid and note the bright red colour 

(6) Add a little alkali and note the green colour 

The decolorized petals, aftei filtering off the extract, should be warmed with a 
little water in an evaporating dish The colour is brought back if pigment is still 
retained by them 

Evapoiate the remainder of the alcoholic extract to dryness and note that the 
anthocyan colour returns Dissolve the residue in water and continue the following 
tests, taking a little of the solution in each case 

(c) Add ether and shake The anthocyan pigment is not soluble in ether. 

(d) Add acid A bright red colour is produced 

(e) Add alkali A bluish-green or green colour is produced which may pass to 
yellow 

(/ ) Add basic or normal lead acetate solution. A bluish-green or green precipitate 
is prodiiced 

(<?) Add a little sulphuric acid and then amyl alcohol and shake the latter does 
not take up any of the red colour, indicating that the pigment is in the anthocyanm 
(glucosidal) state 

(h) Heat a little of the solution on a water-bath with dilute sulphuric acid and 
then cool and add ainy] alcohol The colour will pass into the amyl alcohol, indicating 
that the pigment is now in the anthocyamdm (non-glucosidal) state. 

(%} Acidify a little of the solution with hydrochloric acid and add small quantities 
of zinc dust. The colour disappears Filter off the solution and note that the colour 
rapidly returns again 

For the above reactions it is suggested that the following flowers be used as 
material magenta Snapdragon (Antirrhinum ma/us), brown Wallflower (Uhewanthus 
C/if>in), crimson Paoony (Paconia officinalis\ magenta "Oabbage" Eose, Violet 
( Vwla odoiata\ but the majority of coloured flowers will serve equally well 

Though the above represent the reactions and solubilities given by 
the greater number of anthocyan pigments, it will be found that all are 
not alike in these respects 



t. 102. Demonstration that anthocyanins may be insoluble in alcohol l>ut soluble 
in water. Extract petals of any of the species mentioned below with boiling alcohol 
and note that they do not lose their colour. It will be found that the pigments are 
either completely or largely insoluble in alcohol, but are soluble in water Test the 
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water extract as in Expt 101 (o)-(i) Also take equal quantities of the water extract 
in two evaporating dishes To one add sodium chloride Note (as mentioned above, 
see p 98) that the colour fades less rapidly from the extract containing the salt The 
floweis of the following species can be used , blue Larkspur (Delphinium), Goinflowei 
(Gentawea Ct/anus], blue Columbine (Aqmlegiu) 

There is a small group of plants belonging to some allied natural 
orders, of which the anthocyan pigments give chemical reactions still 
more different from the general type already described, though they 
nevertheless resemble each other Such, for instance, are the pigments 
of various genera of the Chenopodiaceae [Beet (Beta), Orache (Atripleso)], 
Amarantaceae (Amaranthus and other genera), Phytolaccaceae (Phyto- 
lacca) and Portulacaceae (Portulaca) These anthocyan pigments are- 
insoluble in alcohol but soluble in water they give a violet colour with 
acids, red to yellow with alkalies, and a red precipitate with basic lead 
acetate 



103 Reactions of the Beet-root (Beta vulgans) pigment Take .some Beet- 
root leaves, tear them into small pieces and put them into alcohol Allow the leaves 
to stand for some time and note that the chlorophyll is exti acted but the red pigment 
is insoluble Then pour off' the alcohol and add water the red pigment goes into 
solution Filter off the solution and make the following tests 

(a) Add acid The pigment turns violet 

(&) Add alkali The pigment becomes redder and finally turns yellow 

(a) Add basic lead acetate A red precipitate is formed 

(d) Acidify with hydrochloric acid and add zinc dust The colour dinappeais, but 
on filtering off from the zinc it does not return again. 

Anthocyan pigments may also occur in leaves, and this is very obvious 
in red-leaved varieties of various species such as the Copper Beech, the 
Red-leaved Hazel, etc 

Etspt 104 Extraction of anthocyan pigment from the Red-leaved Hazel Extract 
some leaves of the Blood Hazel (Coryhts Avellanav&r, rubia) with alcohol Filter off 
and evaporate the solution to dryness Add water Pour a little of the crude mixture 
in the dish into a test-tube and add ether. There will be a separation into a green 
ethereal layei containing chloi ophyll, and a lower water layer containing anthocyan 
pigment. Filter the extract remaining in the dish and with the filtrate make the 
tefats already given in Expt 101 (c)-(z,) 

The leaves of the Copper Beech (Fagus sylvatica var purpurea) can also bo used 

In many flowers, the cells of the corolla may contain yellow plasLid 
(see p 39) in addition to anthocyan pigments. The colour of the petals 
is in these cases the result of the combination of the^two, and is usually 
some shade of brown, ciimson or orange-red, as in the brown-flowered 
variety of Wallflower (Cheiranthus Cheiri) 
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Expt 105 Demonstration of the presence of anthocyan and plastid pigments 
together in petals (see also Eaapt 100) Extiact petals of the brown-flowered variety oi 
Wallflower with alcohol Filter, and evaporate the extract to dryness Take tip 
with watei and add ether Pom the mixture into a separating funnel The plastid 
pigment will pass inio .solution in the ether, and the anthocyan pigment will remain 
in the water Test the aqueous solution as in Erpt 101 (c)-(a) 

The following may be used as material ray florets of bronze or crimson Chrys- 
anthemnm, ray florets of Gaill(trdia,nnd orange-red flowers of Nasturtium (Tropaeolum 
majw) 

Anthocyanms and anthocyanidins have been isolated from various 
specios The pigments themselves with one exception have not been 
obtained in the crystalline state, but crystalline compounds with acids 
have been piepared both of the glucosidal and non-glucosidal forms. 

All the pigments so far described appeal to be derived from three 
fundamental compounds, peJargomdin, cyamdm and delphimdm, of 
which the chlorides are represented thus 




OH H /e, 

Pelargomdm chloride 



HO 




PH 



OH 



C-OH 



OH 



Oyanidin chloride 



Cl 



OH 

Dolphmidin chloride 

It has been suggested, at least in the case of cyamdin, the pigment 
of the Cornflowei (Centanrea Gi/anus),ih.B.t the pigment itself is a neutral 
substance, purple in colour and of the following structure (Willstalter, 
33, 36). 




V/V 

OH H 
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Further, that the blue pigment of the flower is the potassium salt 
of the puiple, and the red acid salt, cyanidm chloride, depicted above, is 
a so-called oxonmm compound of the purple 

Pelargomdm, moreovei, has been prepared synthetical ly(WiIlRtaUcr 
and Zechmeister, 4>5). 

The above three pigments, either as glucosides or m the form of 
methylated derivatives, are found in a number of plants which are listed 
below (Willstatter, etc, 33-46) The sugar lesidues or methyl groups 
may, of course, occupy different positions, thus giving rise to isomora 



Pelargomdm. I vfa *, 



lallistephin Monoglucoside of pelargonidm 
'elargonm Diglucoside of pelargonidm 



Flowers of Aster (Cnlltatcpkus fhwensi^) 
Flowers of Scarlet (.{cranium (Pelargonium 
zonale\ pink var of Cornflower (Cmtavrea 
Gyanus) and certain \ars of Dahlia (7.) 
vanabilis) 



Cyamdm, 
Monoglucoside of cyanidm Flowers of Aster (Cattistephus 



Lsterm 

Jhrysauthemm Monoglucoside of cyauidm 

daem Monogalactoside of cyanidm 

lyamn Diglucoside of cyanidm 



rlekocyamn 
Ceracyanm 
'eomn 



Diglucoside of cyanidm 
Rlaanmoglucoside of cyanidm 

Diglucoside of peonidm (cyamdin Flowers of Paeony (Paeonia o 
monoetbyl other) 



Flowers of Chrysanthemum (G. ir, 

Fruit of Cranberry ( Vawimum Vitm-Idaea) 

Flowers of Cornflower (Gentawaa Cyanus), 

Rosa gallica and certain yarn of Dahlia 

(I) vanalilis) 

Flowers of Poppy (Papaver Rhoeas) 
Fruit of Cherry (Pmnus Omuw) 



/"lolamn 
Delpmmn 

impelopsin 

VCyrtillm 

ilthaem 

Petimm 

Vlalvin 

Denm 



Delplnmdin. 

Rhamnoglucoside of delphmidin Flowers of Pansy ( Viola tricolor} , 

Diglucoside of delphmidin + Flowers of Larkspur (Ddphimum comohda) 
p-hydroxybenzoic acid 

Monoglucoside of ampolopsidm Fruit of Virginian Ureopor (Ampdopsis quin- 

(delphimdm monouietbyl ether) quefolia,} 

**'> ' ' of myrtillidm Fruit of Bilberry ( Vaccimum Mwtillw) 

> i ' onomethyl ether) 

Monoglucoside of myrtilbdm Flowers of deep purple var. of Hollyhock 

1 (Althaea rosea) 

Diglucoside of petumdm (clelphi- Flowers of Petunia (P violacm) 

mdm m onomethyl ether) 

Diglucoside of malvidm (delplu- Flowers of Mallow (Malm sylvettrit) 

mdm dimethyl efcher) ' 

Monoglucoside of oenidm (delphi- Fruit of Grape ( Vitis vinifera) 
mdm dimethyl ether) 



VIl] 



OXIDIZING ENZYMES 



103 





Of the methylated compounds, myrtilhdm and oemdin may be re- 
presented thus 

Cl Cl 

/$? 

>OH 

'OH v 'OH 

x/V 

Hti H 

Oemdin 

HJvpt 106 Preparation and reactions of pelargonm c/tlonde Extract the flower^ 
from two or three laige bosses of the Scarlet Geranium (Pelargonium sonale] in a 
flask with hot alcohol Filter oft' and concentrate on a water-bath Then pour the 
hot concentrated solution into about half its volume of strong hydrochloric acid On 
cooling, a crystalline precipitate of polargomn chloride separates out Examine under 
the microscope and note that it consists of sheaves and rosettes of needles Filter 
off the crystals, take up in water and make the following experiments with the 
solution 

(a) Add alkali A deep blue-violet colour is produced 

(5) Take two equal quantities of solution in two evaporating dishes To one add 
as quickly as possible some solid sodium chloride The colour m the solution without 
salt will rapidly fade owing to the formation of the colouiless isomer in neutral 
solution this change is prevented to a considerable extent in the solution containing 
salt owing to the formation of an addition compound of the pelaJgonin with the 
sodium chloride which prevents isorneiiKation (see p 98) To portions of the water 
solution (without sodmm chloride) which has lost its colour add respectively acid 
and alkali The red colour returns with acid owing to the formation of tho red acid 
oxonium salt \vith alkali a greenish-yellow colour will be produced due to the 
formation of the salt of the colourless isomor If alkali is added to the portion of the 
pigment solution containing the sodium chloride, it will bo found that it still gives 
a violet colour. 

(c) Add sulphuric acid and amyl alcohol The alcohol doea not take up the 
colour Add amyl alcohol after acidifying another portion of tho solution with 
sulphuric acid and heating on a wafcei-bath Tho alcohol now abstracts some of the 
colour. This nhows that the glucoHido pelargonm exists in tho first case, but is 
decomposed iuto tho non-glucosidal pelargomdm after heating with acid 

(d) Acidify with hydrochloric acid and add zinc dust, the colour chsappoais and 
returns again an>r filtering 



Mxpt 107 Pi'c^xtrdtion, of the acetic acid salt of pdargonin. Make an alcoholic 
extract of petals as in Expt 106. Evaporate down and pour into glacial acetic acid 
instead of hydrochloric acid The crystals of the salt formed arc smaller and more 
purple in colour than those of the chloride, 

Expt, 108 Prepai atwn and reactions of crude peonin chloride Extract the petals 
of one or two flowers of the Crimson Paeony (Paeoma oflicinahs') with 95-98% 
alcohol. Filter and evaporate nearly to dry ness Then add some methyl alcohol and 
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pour into a little strong hydrochlouc acid Then add ether to the mixture in a 
separating funnel A crude precipitate of peonin chloride will separate out after a 
time, which may be more or less crystalline Filter off this precipitate, take up in 
water and make the following experiments 

(a) Take two equal quantities of the solution in two evaporating dishes To one 
add solid sodium chloride as in Expt 106 (Z>) Then neutralize both portions carefully 
with very dilute sodium carbonate solution until the colour changon slightly to 
purple The colour will fade more rapidly in the solution without sodium chloride 
on account of the formation of a colourless isomer, as in the case of pelargonm 
chloride. The water solution after standing will give a green colour with alkali owing 
to admixture with the yellow salt of the isomer 

(&) Add alkali A deep blue colour is produced A crude extract of the fresh 
petals made as in Expt 101 will give a green or bluish-gieen colour with alkali owing 
to the presence of the accompanying flavone. 

(c) Add amyl alcohol and sulphuric acid No colour is taken up by alcohol The 
pigment is present as the glucoside peonin Boil another portion with sulphuric 
acid and add amyl d.lcohol The pigment is partly hydrolyzed and the peonidm goes 
into solution in the alcohol 

(d) Reduce another portion with zinc dust and hydrochloric acid The colour 
returns after filtering 

In consideimg the anthocyan pigments, the question now arises 
What is the chemical significance of the various shades in the living 
plant ? Apparently the same pigment may be present in two flowers 
of totally different colours, as in the blue Cornflower and the magenba 
Rosa gallica It has been suggested that in such cases the pigment is 
modified by other substances present in the cell-sap thus it may be 
present in one flower as a potassium salt, in another as an oxonram salt 
of an organic acid, and in a third in the unaltered condition But exactly 
how these conditions are bi ought about is not clear. In one or two 
cases, moreover, where there is a red or pink variety of a blue or purple 
flower, the variety, when examined, has been found to contain a different 
pigment and one less highly oxidized than that in the species itself 
The above phenomena are exemplified in the Cornflower (Centaurea, 
Cyanus} The flowers of the blue type contain the potassium salt off 
cyamn, the purple variety, cyanin itself, while those of the pink variety) 
contain pelargonm 

The mode of origin of anthocyan pigments in the plant is as yet 
ob&cure It has been suggested (Wheldale, 29) that they have an 
intimate connexion with the flavone and flavonol pigments, which can 
be seen at once by comparing the structural formula of quorcetm with 
that suggested for cyanidm 
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OH 

Quorcotm Cyanidm 

All the anthocyan pigments so far isolated, however, have been 
found to contain the flavonol, and not the flavone, nucleus 

Just as m the case of the flavone and flavonol pigments, some of 
the anthocyan pigments are specific, while others, on the contrary, are 
common to various genera and species. Also more than one anthocyan 
pigment may be present in the same plant. 

It will be pointed out later that small amounts of a substance iden- 
tical with cyanidm are said to be formed by reduction of quercetin with 
nascent hydrogen, but this does not necessarily piove that the formation 
of anthocyan pigments in the plant takes place on the same lines. If 
we compare the formulae for a number of anthocyan with flavone and 
flavonol pigments, it is seen that they may be respectively arranged in 
a series, each member of which differs from the next by the addition of 
an atom of oxygen 

Luteolm, kaempferol and fisetin C 1B H 10 0(5 Pelargomdm C 1S H 10 H 
Quercetin C 1S H. W T Cyanidm C 1D H 10 B 

Myncetm C 1B H 10 Q 8 Delphimdm C 1D H 10 O r 

The relationship between these two classes of substances m the 
plant can only be ascertained by discovering which flavone, flavonol and 
anthocyan pigments are present together, and then to determine whether 
the relationship is one of oxidation or reduction, a problem which has 
not yet received adequate attention (Everest, 6) 

A reaction which is of interest in connexion with the relationship 
between the above two classes of pigments is that which takes place 
when solutions of some flavone or flavonol pigments are treated with 
nascent hydrogen If an acid alcoholic solution of quercetin is treated 
with zinc dust, magnesium libbon or sodium amalgam, a brilliant magenta 
or crimson solution is produced, and this solution gives a green colour 
with alkalies (Combes, 5) The reel substance thus produced has been 
termed " artificial anthocyamn " or allocyamdin The product is not a 



106 AROMATIC COMPOUNDS AND [OH. 

true anthocyan pigment but has, it is suggested, an open formation 
(Willstatter, 36): 




It is said, however, to contain small quantities of a substance iden- 
tical with natural cyamclm from the Comflowei (Willstatter, 36). The 
fact that small quantities of a natural anthocyan pigment can be obtained 
artificially iiom a hydroxyflavonol by reduction does not necessarily imply 
that one class is derived from the other in the living plant 

From the above reaction of quercetm the result follows that when 
many plant extracts [most plants (see p 94) contain flavone or flavonol 
pigments] are treated with nascent hydrogen, artificial anthocyan pig- 
ment is produced Moreover, it seems probable that if the yellow 
pigments acted upon are in the glucosidal state, and if the reduction 
takes place in the cold, allocyanm (the glucoside of allocyanidm) is 
formed and the product is not extracted fiom solution by amyl alcohol 
But if the flavone is non-glucosidal, or if the solution is boiled before or 
after reduction, then allocyanidm (non-glucosidal) is formed and IK 
extracted by amyl alcohol 

Eoapt 109 Formation of allocyanidm from queicetin Make an alcoholic solution 
of a little of the glucoside of quercetm prepared from either Narcissus or Cheirantku* 
(see Expts 98 and 100) Acidify with a little strong hydrochloric acid and hoat on a 
water-bath Add a little zinc dust from time to time, A brilliant magenta colour 
due to allocyanidm is produced To a little of this solution add some alkali : a green 
colour is produced If the alcohol and hydrochloric acid aro evaporated off, and a 
little water and sulphuric acid added, on shaking up with amyl alcohol, all the 
allocyanidm passes into the arnyl alcohol (The distribution of the allocyaindin in 
the amyl alcohol is greater with aqueous sulphuric acid than with aqueous hydro- 
chloric acid ) 

JExpt 110 Formation of allocyamn from quercettn. Make a suspension of the 
glucoside of quercetm from Cliew anthus or Narcissus (see Expts 98 and 100) in about 2N 
sulphuric acid, and then add zinc dust (or a drop of mercury about the size of a pea 
and a little magnesium powder) in the cold The red or magenta colour is gradually 
developed, Divide the coloured solution into two parts in two test-tubes. Boil one 
for 5-10 minutes Then add amyl alcohol to each In the unboiled test-tube the 
amyl alcohol extracts no colour, since allocyanm is present. In the boiled test-tube 
alloeyamdm is taken up by the amyl alcohol as in Expt. 109 
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Expt 111 Formation ofaJloci/amn and allocyamdin from plant &xti acts "For this-, 
purpose the yellow vaiieties "Pnmroso" or "Cloth of Gold" of the Wallflower 
(C/ieiranthus C/ieiri) can be used The flowers are pounded in a mortar, extracted 
with cold water, the water evtiact acidified with sulphuric acid, and vane dust (or 
mercury and magnesium powder as above) added A red coloiation IB slowly 
developed To some of the red solution add amyl alcohol The colour is not 
abstracted (allocyanin) Boil another portion The allocyanm is thus converted into 
allocyaindin which is then txken up on addition of amyl alcohol 



THE OXIDIZING ENZYMES 

There is a certain group of enzymes of which wo have most informa- 
tion in their connexion with aromatic substances. Those are the oxi- 
dizing enzymes 

The presence of such enzymes in plants was long ago associated with 
the following phenomena If the expiessed juices, or water extiacts of 
the tissues, of some plants are added to a solution of guaiacum gum, m 
the presence of air, a deep blue colour is obtained in a short time On 
the other hand, expressed juices, or water extracts, of other plants added 
to guaiacum solution produce no blue colour On addition, however, of 
a few drops of hydrogen peroxide, in the latter case, the blue colour 
rapidly develops. Plants are said to contain an oxidase when the extracts 
give the blue colour with guaiacum tincture alone. * Those, of which the 
extracts only bring about blueing on addition of hydrogen peroxide, are 
said to contain a peroxidase (Chodat, 1) 

JUxpt 112 Demonstration of the presence of an oxidase Take a portion of a fresh 
Potato tuber and pound well in a mortar with a little water Eilter, and to the 
extract, m a white evaporating dibh, add a few drops of 1 % gunmcum. solution in 
alcohol The guaiacum tinotme will be found to give a blue colour at once with the 
potato extract. 

A control tube should ho prepared by well boiling some of the water extract of 
the tuber, cooling and then adding gnaiacum. No colour is produced, owing to the 
fact that the omyme haw been destroyed by boiling Other tissues which may be 
used to demonstrate the above inactions are : root of beet and fruits of apple, pear 
and plum 

Guaiacum gum is obtained fiom two West Indian species of Quaiacum trees, 
G ojficinale and (7 sanctum, partly as a natural exudation and partly by moans of 
incisions. It gives a yellow solution with alcohol which contains guaiacomc acid, 
and the latter, on oxidation, yields guaiacum blue As far aspOHsible, inner portionn 
of the rosin lumps should be used, as the resin oxidizes in air, and then may give 
unreliable results It is best to make the tincture froahly before use, and, as u, 
precaution, to boil it on a water-bath with a little animal charcoal and filter 
Guaiacum gum tends to form peroxides on exposure to air, and these are removed by 
the above treatment. 
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Expt 113 Demonstration of the presence of a peroxidase Repeat the above 
experiment, using scales from an Onion bulb Add a few di ops of hydrogen peroxide 
solution Green pea tissue may also be used No blue coloui is produced until after 
the addition of hydrogen peroxide 

If a systematic examination is made of genera from various natural 
orders with the guaiacum test, it will be found that the oxidase reaction 
is shown by all, or nearly all, genera of some orders, for instance most Um- 
belliferae, Labiatae, Boragmaceae and many Cornpositae. In other ordeis, 
i e Cruciferae and Crassulaceae, the peroxidase reaction is predominant 
Moreover, the oxidase-contaming genera show another phenomenon, 
as follows If the tissue extracts are left in air, they become dark- 
coloured, geneially brown or reddish-brown If the plants themselves 
are bruised or injured, they turn brown The same effect may be pro- 
duced very rapidly by the action of chloroform vapour These phenomena, 
the darkening of extracts and the discoloration, both on injury and in 
chloroform, will be found to be absent from plants giving the peroxidaso 
reaction only 

Expt 114 To show the distribution of oxidases and per oxidases in various plants, 
and the correlation between the presence of oxidase and by owning on injury 01 ^n 
chloroform vapour Take a selection of the plants given below, and in each case grind 
up a portion of the plant in a mortar with a little water and filter. Divide the 
filtrate into two parts in small porcelain dishes Allow one part to .stand in au, and 
note the darkening in colour in cases where an oxidase is present. To the other add 
a few diops of guaiacum To extracts containing a peroxidawo only, after f)~]Q 
minutes, add m addition a few drops of hydrogen peroxide Further, small pieces 
of the plantb to be tested should be placed in a corked flask con taming a few drops 
of chloioform, and the development of browning noted in the case of plant-s contain- 
ing an oxidaae Foi demonstration of oxidases the following plants may be used . 
Ghnstma.8 Rose (Helleborus mgei\ Dandelion (Taraxacum officinale), Forgot-me-uot 
(Myosotis], Hawthorn (Crataegm) and White Dead Nettle (Laniium album] For 
peroxidases Arabis, Aubrietia, Buttercup (Ranunculus aans\ Pea (Pimm, sativum^ 
Stock (Matthiola\ Wallflower (Chen anthus Cheiri) and Violet ( Viola}. 

Various hypotheses have been suggested in explanation of the re- 
actions of oxidizing enzymes The one most generally accepted (Ohoclat, 
1) is that the oxidase consists of two components, a peroxides and a 
peroxidase. The peroxide may bo either hydrogen peroxide or some 
organic peroxide The peroxidase acts upon the peroxide, depriving it 
of an atom of oxygen which is transferred, in an " active " condition, to 
some substance (acceptor) which becomes oxidized Guaiacum is the 
acceptor in the above experiments The reaction may be approximately 

expressed thus 

2AO + O 2 = 2A0 2 (peroxide). 
AO 2 + peroxidase = AO + O 
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The above conception would lepresent a system which is capable of 
absorbing molecular oxygen and of transfoiming it into active oxygen. 
In this way substances can be oxidized which would not be affected 
by molecular oxygen to any extent 

Accoidmgly, on the basis of the above hypothesis, it is assumed that 
an organic compound which can act as a peroxide is piesent in the 
expressed plant j uices or extracts which give the oxidase i eaction When 
this 01 game peroxide is absent, hydiogen peroxide must be added to 
complete the oxidase system 

The above definition of oxiclasos and peroxidases is based upon then 
behaviour towards guaiacum. There are, however, a number of othei 
oxidizable substances, such as a-naphthol, bemidine, p-phenylenediamme, 
pyrogallol, etc 

NH 2 



H,,N 




NK, 



OH NH 2 

tt-Naphthol Bcimdme p-Phenylenediamme 

which are only oxidized by oxidases with the assistance of hydrogen 
peroxide, the oxidase system being insufficient, they aie also of course 
oxidized by the hydrogen-peroxide-peroxidasc system Such substances 
(in the presence of hydrogen peroxide) are used as tests for oxidizing 
enzymes. 

JBxpt 115 Additional tests for oxidising cnzymea To a few c.c. of an extract of 
Potato tuber (Expt, ] 12) iu a small evaporating dish, add a few drops of the following 
reagents, and subsequently a few drops of hydrogen peroxide 

(a) A 1 % solution of a-naphthol in 50 % alcohol, A lilac colour is developed. 

(6) A 1 % solution of bonaidme iu 50% alcohol A blue colour is developed 

(e) A 1 % solution of jp-plionylcnodiamuio Ixydroclilondo in water A greenish 
colour IH developed 

The poroxidasea, like other enzymes, can be extracted either with 
water or dilute alcohol and precipitated from solution by strong alcohol 

Expt 116. Preparation of poroaddoAG from Horse-radish (Cochlearia) roots Mince 
up the Horse-radish roots in a mincing machine The product is allowed to stand for 
24 hrs. to enable the glueosido, potassium myronate, to be hydrolyxed by the enzyme, 
myrosin Thou extract with 80% alcohol The alcohol is decanted off, and the 
residue pressed free from alcohol in a press. Tho residue is next extracted with 40 % 
alcohol lor 48 hrs , filtered and precipitated with 90 % alcohol The precipitate, 
which contains the peroxidasc, is filtered off' Dissolve up iu water and make the 
test for peroxidasos (Expt 113). 
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The oxidation of pyrogallol, in the presence of a peroxidase and 
hydrogen peroxide, has been used as a method for estimating the activity 
of these enzymes. Solutions of known strength of pyrogallol and hydio- 
gen peroxide are used, and to the mixture a solution of a known weight 
of prepared peioxidase is added An oxidation product, termed purpuro- 
gallin, is fonned After a definite time, the leaction is stopped by 
adding acid, and the purpurogallm extracted by ether The ether 
extract is colorimetrically compared with an extract containing a known 
amount of purpurogallm (Willstatter and Stoll, 47). 

Es;j)t 117 Outline of method for estimating peioxidase by formation of pwrpw o- 
gallm Make a solution of 5 gm of pyrogallol in 200 c c of distilled water, and 
add to it 1 c c of 5 % hydrogen peroxide Then add about 5 c c of a solution of 
Horse-radish peroxidase from Expt 116 After 5 minutes add to half the mixture 
25 c G of dilute sulphuric acid and extract the purpuroga,llm with other in a 
sepaiating funnel The purpuiogallm will be extracted by the ether, giving a yellow 
solution Allow the other half of the mixture to stand The colour will deepen, and 
a reddish deposit of purpurogallm will be precipitated Examine a little of the 
deposit under the microscope It will be found to consist of sheaves of crystals 

A solution of peroxidase from Alyssum leaves [Expt 119 (6)] can also be used 

It has recently been shown (Wheldale Onslow, 11) that the per- 
oxidase element (Expt. 118) of certain oxidases (fruit of Pear, tuber of 
Potato) can directly oxidize the phenol catechol (sec- p. 88), as well 
as other substances containing the catechol grouping, that is two 
hydroxyl groups in the ortho position, e g. protocatochuic acicl and caffoic 

acid 

COOH CH=CH'COOH 






OH OH OH 

Oatechol Protocatechuic acid Oaftbic acid 

A brown colour is produced, giving rise to some oxidation product 
which will then act as a peroxide, the peroxidase being present, bo form 
the system (oxidase) which will blue guaiacmn. 

It appears probable that the above phenomenon, as illustrated in 
the Pear and Potato, affords an explanation of the reaction of the oxidiz- 
ing enzymes of all plants which give the oxidase reaction and turn brown 
on injury. For such plants usually contain an aromatic substance 
with bhe catechol grouping. On the death of the cell (which may be 
brought about, either by injury, or treatment with chloroform vapour, 
i e on autolysis, see p. 19) this aiomatic substance is oxidized by the 
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peroxidase with the formation of a brown colour (browning on injury) 
and an oxidation product which then acts as an organic peroxide (as 
postulated above) in the oxidase system 

Further, the peroxidasos, of plants which give the oxidase reaction 
and brown on injury, appeal to bo specific in their action on the 
catechol grouping and will not oxidize other phenolic groupings, i e 
those of resorcinol, hydroqumone, pyrogallol, etc 

In plants (e g Alyssum) which only give the peroxidase leaction and 
do not brown on injury, the above-mentioned aromatic compounds are 
not present, nor do the poroxidases of such plants act on catechol 

It should, however, bo borne in mind that in some plants the com- 
ponents of the oxidase system may be present, but the reaction is masked 
by the presence of an excess of tannin, sugars, etc 

Hence it appears that the oxidaso reaction of plants (as detected by 
guaiacum) is the outcome of post-mortem changes after the death of 
the cell. It is possible, however, that the processes giving rise to it 
may take place to some extent, though under control, in the living cell. 

It has also been shown that in the Pear fruib and Potato tuber 
(Wheldale Onslow, 13) it is possible by chemical methods to separate 
the elements which go to make up the oxidase system, i e the peroxidase 
and the aromatic substance If the tissues arc ground up rapidly with 
alcohol, and filtered befoie oxidation can take place, and the process 
repeated, the aromatic substance, which is soluble in alcohol, is washed 
away, and a water extract of the residue gives only a peroxidase reaction. 
From the alcoholic extract the aromatic substance can be precipitated 
as a lead salt, the lead then removed as insoluble lead sulphate, and the 
aromatic set fi.ee again in solution. If the peroxidase is then added to 
the solution of the aromatic, the brown colour appears together with the 
formation of the oxidation product (peroxide), and the mixture will give 
the blue reaction of an oxidase with guaiacum, 

Expt 118 ^Resolution of the components of the oxidase in the Potato tuber (A) 
Separation of peroxidase Cut a fow tluu slices from a peeled potato and put them 
m a mortar which contains sufficient 96 % alcohol to prevent, aa far an possible, 
exposure to the air, and pound them thoroughly Filter quickly on a filter-pump, 
and repeat the process several times until a colourless powder, consisting of cell- 
residues, starch, etc. is obtained The enzymes (including the peroxidase) of the colls 
are precipitated by the alcohol and remain in the cell-residue Make a water extract 
of the white powder and filter To a portion of the filtrate add a few drops of 
guaiacum tincture . no blue colour is given Add further a few drops of dilute 
hydrogen peroxide . a blue colour appears (B) Separation of the aromatic substance. 
Take about 500 gms of freshly peeled potato tuber, cut it into thin slices and drop 
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them as rapidly as possible into a flask containing 250 c c of boiling 96 % alcohol 
on a \vatei-bath Continue boiling for 15 nuns , and then filter Evaporate off the 
alcohol from the nitrate, take up the residue in a little water, waim and filter To 
the filtrate add concentrated lead acetate solution until a precipitate ceases to be 
formed Filtei oft the precipitate, which is pale yellow in colour, stir up in a little- 
water and add 10 % sulphuric acid drop by drop until the yellow colour is destroyed, 
and the lead is conveited into lead sulphate Filter off the load sulphate the filtrate 
contains the aromatic substance in solution Neutralize the solution carefully with 
1 % caustic soda and make the following tests with separate portions in small 
evaporating dishes 

(a) Add a drop of ferric chloride solution a deep green colour appears Add 
further a few drops of 1 / sodium carbonate solution The green colour changes to 
a bluish- and finally, a reddish-pmple This reaction is characteristic of aromatic 
compounds containing the catechol gioupmg, le two hydroxyl gioups in the 
ortho position (see p 110) 

(6) Add a little of the peroxidase solution prepared in (A) The mixture will 
gradually turn brown owing to the oxidation of the aromatic by the peroudaso 

(c) To (6) add a few drops of guaiacum tincture A blue coloiu is given owing to 
the presence of the peroxide formed in (6), the oxidasc system being now complete 

Expt 119 Action of pei osoidases on cateohol. (a) The pcrojoidase of the Potato 
tubei (01 Pear fiuit) Make a 1/ solution of catechol in distilled water To some 
of this solution, m a small evaporating dish, add a little of the peroxidase solution 
from Expt 118 (A) Note that the catechol solution gradually turns brown Add 
further a few drops of guaiacum tincture A blue colour appears (6) Pet oteidase of 
Alyssuin leaves Pound up 2-3 A tyssum leaves in a mortar with some 96 % alcohol, 
and filter on a filter-pump Eepeat the process until the residue is practically 
colourless Extract the residue with a little distilled water and filter Proceed a,s in 
(a) No browning of catechol takes place and no blue coloiu is formed on the 
subseqxient addition of guatticum 

For section (a) the following material may also be used fruits of Apple and 
Greengage, flowers of Horse Chestnut (Aesculus) and leaves of Pear, the method of 
preparation in (6) being employed For section (&) flowers of white Aralis may also 
be used, 

If m the preparation of the peroxidase from the Potato tuber, the 
tissue is allowed to brown before extracting with alcohol, the coll-roHiduc 
is tinged with brown and, on extraction with water, the filtrate will give 
an oxidase reaction with guaiacum. This is to bo explained by the fact 
that the peroxide has been adsorbed by the tissue residue. This pheno- 
menon is probably the explanation of the preparation of some oxidases 
called " laccases " Such enzymes have been obtained by the precipita- 
tion with strong alcohol of the expressed juices (containing peroxide 
since they were obtained by crushing the tissues) of plants which brown 
on injury The enzyme and other organic matter is precipitated and 
carries with it the peroxide. 
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The browning of plants on injury, as already mentioned, is very 
wide-spiead* more rarely, the same type of reaction may lead to the 
formation of variously coloured products, other aromatic substances in 
addition to the peroxide being in all probability involved The following 
examples may be quoted. In some of the Higher Fungi, Boletus lundus 
and B cyanescens, when the pileus is broken across or injured, the tissue 
rapidly turns a deep Prussian blue on exposure to the air Also in the 
Fungus, Russula mgncans, the coloui changes from pink or reddish to 
black The latex of the tiee, Jtfnis vermcifera,, when exposed to air, 
turns black and constitutes the product, Japanese lacquer 

Analogous pigments formed after death have been observed in 
SohencJeia blumencmana (Rubiaceae) where the whole plant turns bright 
red in chloroform vapour, as well as in species of Jaoobinia and Aloe 
Blue pigments are also formed after death in the Teasel (Dipsacus), in 
the flowers of an Orchid (Phajus], in the Dog's Mercury (Mercunnhs 
perennis), annual Mercury (M. annnd) and in the well-known indigo - 
producing plants, the Wocid (I satis tinctona) and the Indigo (Indigofera) 
(Walther, 28) (see p 152) It has not been shown, however, that oxidizing 
enzymes are present in all the above cases 

There is a well-known oxidizing enzyme, tyrosinase, which is some- 
what specific in its action in that it will only oxidize tyrosine and a few 
other substances, such as jp-cresol II occurs in the tubers of the Dahlia 
(Dahlia vanabihs) and Potato (Solanum tuberosum), in grams of barley 
(Hot deutu) and wheat (Triticuni) and in Papaver orientals In the lower 
plants it is found among the Basidiomycetos. 

When tyrosinase acts upon tyrosme, a yellowish-pink colour is first 
produced which rapidly darkens to red, brown and finally black A 
solution of j-crcsol 



can be used as a delicate test for the enzyme. If the enzyme is present, 
a yellowish- or orange-red colour is formed. 

Tyrosinase of the Potato tuber can be precipitated from a water 
extract with absolute alcohol : or if the potato tissue is extracted with 
cold 96/ alcohol, the enzyme is precipitated and remains in the 
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tissue residue, as does the peroxidase [Expt 118 (A)], but the tyrosme is 
almost entirely washed away 

Expt 120 Demonstration of the presence of tyrosmase in the Potato Take aLcmt 
half a potato and proceed as in the preparation oi peroxidase [see Expt 1 18 (A)] 
Roughly dry the powder left on the filter and then add about 100 c c of water and 
allow to stand for 15 mins Filter, and divide the nitrate into six portions a, b, c, d, 
e and / Make a suspension of a little tyrosme in water (tyrosino is only slightly 
soluble in cold water) 

To a add 5 c c of tyrosme suspension 

To 6 add 5 c e of tyrosme suspension and a few drops of hydrogen peroxide 

To c add 5 c c of tyrosme suspension and boil 

To d add a few drops of hydrogen peroxide only. 

To e add some p-cresol 

To / nothing is added 

Plug all the tubes with cotton-wool, put m an incubator at 38 for 2-3 hrs. 
Note that tubes a and 6 fairly rapidly turn red, then brown and finally black 
Tubes d and / may darken a little owing to the action, of tyrosmase and peroxidase 
on the traces of plant aiomaties left in the tissue Tube c remains unaltered Tube 
e gives an orange-red colour 

Another point which may be touched upon is the significance of the 
oxidizing enzymes m plant metabolism The facts as they present 
themselves may be stated thus On death or injury wo discover a 
system (oxidase) in some plants which can oxidize certain acceptors, 
either artificially introduced, such as guaiacum, or other aromatic sub- 
stances present in the plant itself. 

The question is whether the oxidase system as described above 
functions in metabolism for the purpose of oxidation and respiration m 
the living plant. If it does, there are various suggestions as to how it 
may act For instance, it is possible that aromatic substances are oxi- 
dized to pigments by the oxidase system, and the pigment is then 
deoxidized by products of anaerobic respiration, hence constituting a 
mechanism for this function Such pigments have been termed " respi- 
ration pigments" (Palladin, 12-16). It is suggested that they are not 
present in any quantity in the living plant and bhcir production is 
controlled by oxidizing and reducing systems : 

autoxidizable substance + molecular oxygon, = peroxide 

peroxide + peroxidase = active oxygen 

aromatic substance (acceptor or chromogen) + active oxygon = 

pigment 
pigment + reducing substance = chromogen. 

The above hypothesis is only applicable to plants containing oxi- 
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dases, so that some modification would be necessary to fit the case of 
plants containing peroxidases only 

It should be mentioned that the aromatic substances which become 
oxidized are frequently present m the plant as glucosides, that is, some 
of the hydroxyl groups are replaced by sugar Iiidoxyl, the precursor of 
indigo, forms a good example, as it is present in the plant as a colourless 
glucoside, mdican (see p. 152). It is probably only after the hydrolysis 
of the glucosides that the aromatic substances can become oxidized. 
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CHAPTER VIII 

THE PROTEINS AND PROTEASES 

No class of compounds is of more fundamental significance than the 
proteins The matrix of protoplasm largely consists of proteins m the 
colloidal state, and, without doubt, they occur to some extent in the 
same condition in the cell-sap. They are also found in the cell m the 
solid state, in the form of either amorphous granules, termed alourone, 
or crystalline or semi-crystalline bodies, termed crystalloids. Both solid 
forms constitute " reserve material " and are often found in seeds, tubers, 
bulbs, buds and roots. 

Plant proteins may be classified on the following plan . 

1 The simple proteins. 

(a) Albumins. 
(&) Globulins 

(c) Prolamms (Gliadms). 

(d) Glutelms 

2 Conjugated proteins 

(a) Nucleoprotems 

3. Derived proteins 
(a) Metaprotems 
(&) Proteoses (Albumoses) 

(c) Peptones 

(d) Polypeptides 

Although they are present in every cell in all parts of plants, little, 
however, is known of plant proteins, except of those in seeds, because 
of the difficulties of obtaining them in sufficiently large quantities, and 
of separating them from each other 

Proteins are in the colloidal state when in so-called solution, and are 
unable to diffuse through parchment membranes The proteoses and 
peptones, however, which have simpler molecules, can diffuse through 
such membranes 

The vegetable proteins are soluble in various solvents according to 
the nature of the protein ; some are soluble in water, others in dilute 
salt solutions, others, again, in dilute alkalies, and a few m dilute 
alcohol. Vegetable albumins are coagulated from solution on boiling, 
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but most of the globulins, unlike the corresponding animal products, 
are only imperfectly coagulated on heating and some not at all. The 
precipitate formed when coagulation is complete will not go into solution 
again either in water, acid, alkali or salts Alcohol precipitates the 
proteins , m the case of animal proteins, the precipitate becomes coagu- 
lated and insoluble if allowed to remain in contact with the alcohol, but 
this docs not appear to be so with plant proteins 

In addition, certain neutral salts, the chlorides and sulphates of 
sodium, magnesium and ammonium, have the property of piecipitatmg 
proteins (except peptones) from solution when added in sufficient quan- 
tity. The protein is quite unchanged m precipitation and can be made 
to go into solution again The various proteins are precipitated by 
different concentrations of these salt solutions (see p 124) 

The salts of calcium and barium and the heavy metals produce 
insoluble precipitates with the proteins, and in this case the reaction is 
irreversible 

In regard to chemical composition, the proteins contain the elements 
carbon, hydrogen, nitrogen, oxygen and sulphur. There is every leason 
to believe that the piotcm molecule is constituted of ammo-acids con- 
densed, with elimination of water, on the plan which may be depicted 
as follows 

Rl Rh RlU 



NH-2 CH CObH H'NH OH CO'OH HNH CH COfQH H'NH 



..... COjOH HJNH CH COOH 

Conversely, when the proteins are acted upon by hydrolyzmg en- 
zymes, a series of hydrolytic products aie formed which have smaller 
molecules than the original proteins. They may be enumerated as 

1 Albumoses 

2 Peptones 

3 Ammo-acids 

In the same way when proteins are boiled with acids, a number of 
the ammo-acids are obtained as an end-product 

The above ammo-acids may be either aliphatic of aromatic, and they 
are characterized by having one or more hydrogen atoms, other than 
those in the carboxyl groups, replaced by the group - NH a . Thus they 
are acids by virtue of the carboxyl groups, and bases by virtue of the 
NH 2 groups towards strong acids they act as bases, and towards 
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strong bases as acids The ammo-acid, alamne, for instance, forms salts, 
sodium ammo-propionate with a base, and alamne hydrochloride with 
an acid 

CH 3 CH COONa CH 3 CH COOH 

NH 2 NHL HCI 

Substances behaving in this way have been termed "amphoteric" 
electrolytes (see also p 15) 

In the proteins, which aie formed by condensation, as explained above, 
there are always some NH 2 and COOH groups left uncombmed Hence 
a protein must, in the same way, have the properties of both an acid 
and a base 

The ammo-acids which are obtained by the hydrolysis of plant pro- 
teins may be classified as follows 



Aliphatic compounds 
Mono-carboxyhc mono-ammo acids 
Glycme 01 a-amino-acetic acid 

CH 2 (NH 2 )-COOH 
Alamne 01 a-ammo-propiomc acid 

CH 3 CH(NH 2 ) COOH 
Valine or a-ammo-iso-valeric acid 

CH 3 , 

>CH CH(NH 2 ) COOH 
CH/ 

Leucine or a-ammo-iso-caproic acid 

CH S 

>CH'CH 2 CH(NH 2 ) COOH 
CH/ 

Iso-leucme or a-ammo-/3-methyl-/3-ethyl-propiomo acid 

CH 3\ 

^>CH CH(NH 2 )'COOH 
C 2 H 5 

Serme or a-anuno-/3-hydroxy-propionic acid 

CH 2 OH CH(NH 2 )'COOH 
Dicarboxylic mono-ammo acids 

Aspartic acid or a-ammo-suceimc acid 

COOH CH 2 OH(NH 2 ) COOH 
Glutamimc acid or a-amiuo-glutaric acid 

COOH CH 2 CH 2 CH(NH 2 )-COOH 
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Mono-carboxylic di-amino acids 

Argmme or 8-guamdme-a-ammo-valeric acid 
NH 2 

HN=C NH CH 2 CH 2 CH 2 CH(NH 2 ) COOH 
Lysine or a-e-di-ammo-oapioic acid 

CH 2 (NH 2 ) CH 2 CH 2 -CH 2 -CH(NH 2 )'COOH 

Dicarboxyhe di-amino acid 

Cystme (dicysteme) or di-/3-th.io-a-amino-propionic acid 
CH 2 S S CH 2 

CH(NH 2 ) CH(NH 2 ) 
COOH * COOH 

Aromatic compounds. 
Mono-carboxylic moiio-amino acids 



Pkenyl-alanine 01 /3-phenyl-a-ammo-propiomc acid 
C H f) CH 2 CH(NH 2 ) COOH 
Tyrosine or jo-hydroxy-phenyl-alanine 

OH C H 4 CH 2 CH(NH 2 ) COOH 

Heterocydic compounds, 
Prolnie or a-pyrrolidine-carboxyhc acid 



CH 2 CH COOH 
NSIH/' 

Histidine or /3-iminazolo-alanino 
CH 

/\ 
NH N 

CH=C CH 2 CH(NH 2 )'COOH 

Tryptopbane or /3-indole-almiine C 8 H N CH 2 CH(NH 2 ) COOH 



-C'CH 2 -CH(NH 2 ) -COOH 



Different proteins are formed by various combinations of the above 
acids and hence give different amounts on hydrolysis. 

There are certain properties and chemical reactions by means of 
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which proteins can be detected These are illustrated in the following 
experiment 

Eaept 121 Tests Jor proteins Weigh out about 10 gms of dried peas (Pi sum), 
grind them in a coffee-mill and then add 100 c c of water to the ground mass 
Allow the mixture to stand for an houi Filter, and make the following tests with 
the filtrate (see p 133) 

(a) The xanthop 1 ) oteio ? eaction To a few c c of the pi otem solution in a test-tube 
add about one-third of its volume of strong nitric acid A white precipitate 'is 
formed (except in the case of proteoses, peptones, etc ) On boiling, the precipitate 
turns yellow, and may partly dissolve to give a yellow solution Cool under the t,ip, 
and add strong ammonia till the reaction is alkaline The yellow coloui becomes 
orange The precipitate is due to the fact that nietaprotem (see p 127) is iorrned 
by the action of acid on. albumins or globulins, and this rnotaprotem is insoluble in 
strong acids The yellow colour is the result of the formation of a mtro-compoumi 
of some aromatic component of the protein, such as tyrasiue, tryptophaue anil 
phenylalanme 

(6) Millon's reaction To a few c e of the protein solution add about half its 
volume of Millon's leagent 1 A white precipitate is formed On warming, the preci- 
pitate turns buck-red, or disappears and gives a red solution The white precipitate is 
due to the action of the mercuric nitrate on the piotems The reaction is character- 
istic of all aromatic substances which contain a hydroxyl group attached to the 
benzene ring The aromatic complex in the protein to which the reaction in due is 
tyrosme 

(c) The glyoxyliG reaction (Hoplms and Cole) To about 2 c c of protein solution 
add an equal amount of "reduced oxalic acid" 2 Mix the solutions, and then add au 
equal volume of concentrated sulphuric acid, pouring it down the side of the tube 
A purple ring forms at the junction of iho two liquids If the liquids are mixed by 
shaking the tube gently, the purple colour will spread throughout the woluUon, The 
substance in the protein molecule to which the reaction in duo is tryptophane If 
carbohydrates are present in the liquid to be tested, the colour is not good, owing to 
blackening produced by the charring with the strong sulphuric acid. 

(d) The biuret reaction To a few c e of the protein solution add au excess of 
sodium hydrate and a drop of a 1 % solution of copper sulphate A violet or pink 
colour is produced The reaction is given by nearly all substances containing two 
CONH groups attached to one another, to the same nitrogen atom, or to the same 
carbon atom The cause of the reaction with proteins is the presence of one or more 

1 This reagent i& made by dissolving 30 c,c of mercury in 570 c e of concentiated 
nitric acid arid then adding twice its bulk of water It contains merouious and moxcunc 
nitrates, together with excess of nitric acid and a little nitrous acid. 

2 Reduced oxalic acid is prepaied as follows (a) Treat 500 c o of a saturated solution 
of oxalic acid with 40 gms of 2% sodium amalgam When hydrogen ceases to be 
evolved, the solution is filteied and diluted with twice its volume of distilled water. The 
solution contains oxalic acid, sodium bmoxalate and glyoxyhc acid (OOOH'CHO). 
(6) Put 10 gms of powdered magnesium into a flask and ]ust cover with distilled water. 
Add slowly 250 c c of saturated oxalic acid, cooling under the tap Filter off the insoluble 
magnesium oxalate, acidify with acetic acid and dilute to a litre with distilled water 
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groupings formed by the condensation of the carboxylic group of an ammo-acid with 
the arnino group of another ammo-acid (see p. 119) 

(e) The mlphw reaction Boil a few c c of the protein .solution with some 40 % 
sodium hydrate for two minutes, and then add a drop or two of lead acetate The 
solution turns black This reaction is due to the formation of sodium sulphide by 
the action of the strong alkali on the sulphur of the protein On addition of the lead 
salt, a black precipitate of lead sulphide is formed The sulphur in the protein 
molecule is mainly present as cystme 

For the following reactions, a piotein .solution free fiom other impurities is 
required For this purpose take 40 gm.s of ground peas, add to the meal about 
200 c c 10 % sodium chloride solution, and allow the mixture to stand, with occa- 
sional stirring, for 3-12 his (see p. 134) Then niter off the extract, first through 
muslin, and, subsequently, through liltor-paper Put the extract to dialyze foi 
24 hrs in a collodion dialyzer 1 until tbe protein is well precipitated (Toluol 
should be added to the liquid in the dulyzer ) Then filter off the piotoin. Reserve 
half, and dissolve the other half in about 50 c c of 5 % sodium nitrate solution 
With this solution (after reserving a portion for Expt ] 23) make the following tests 

(/) Pt ecipitatwn by alcohol To a few c c m a test-tube, add excels of absolute 
alcohol The protein is precipitated 

(g) Precipitation ly (ha heavy metal*,. Measure out a few c.c of the protein 
solution into thiee test-tubes, and add respectively a little (1) copper sulphate 
solution, (2) lead acetate solution, (3) mercuric chloride solution the protein i,s 
precipitated in each case 

The following test cannot bo demonstiated on the Pea protein, since carbo- 
hydrates are absent an thi.s case It can, however, be demonstrated in later 
experiments (see p 130) 

(7i) Molisoh's reaction To a few c c of the protein solution add a few drops of a 
1 % solution of a-naphthol m alcohol. Mix, and then run in an equal volume of 
strong sulphuric acid down the side of the tube A violet ring is formed at the 
junction of the two liquids The reaction signifies the existence m I/he protein of a 
carbohydrate group which gives rise, on treatment with acid, to furfural The latter 
then condenses with a-naphthol to give a purple colour (see also E\pts 38, 44, 40) 

(?,') Precipitation ly salts of alkaline earth mi'tals To a few c c of the protein 
solution add a little barium chloride .solution A precipitate is formed on standing 

(j) Precipitation by neutral salts Saturate a few c c of the protein solution 
with finely powdered ammonium sulphate, The protein is precipitated or " salted out " 

Since from a neutral salt .solution the pea globulin is precipitated by acid 
(see p 125), the tests (K)~(m} should be carried out with a solution of the protein in 
dilute acid. Dissolve, therefore, the remainder of the solid pea globulin an about 
40 c c of 10 / acetic acid, filter, and make the following tests ; 

(/) * Precipitation \>y tanma and. Add a little tanmcacid solution : the protein is 
precipitated 

1 The collodion solution is made by adding 75 c o, of ether to 8 gms of well-dried 
pyroxylin, allowing it to stand for 10-1/5 minutes and then adding 25 c o of absolute 
alcohol The dialyzers are prepaiod by coating the inside of a large test-tube with the 
solution and then filling with water, after the film is sufficiently dried so as not to be 
wrinkled by touching with the finger. The sac can then be withdrawn Iroin the tube 
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(1} Precipitation 'by Esback's solution 1 Add a little Eabach's solution the pro- 
tein is precipitated 

(TO) Precipitation by phosphotungstio acid Add a little 2 % solution of phos- 
photungatic acid in 5 % sulphuric acid the protein is precipitated 



The substances used in the tests (&)-(m) are termed " alkaloidal re- 
agents" because they also cause precipitation of alkaloids (see Chap x). 

We are now in a position to deal with the different groups of pro- 
teins in detail 

Albumins. Very few vegetable albumins have been investigated. 
They can be best defined as proteins which are soluble %n water and are 
coagulated by heat Animal albumins are distinguished by the fact 
that they are not precipitated by saturating their neutral solutions with 
sodium chloride or magnesium sulphate , nor are they precipitated by 
half-saturation with ammonium sulphate This distinction cannot be 
applied to vegetable proteins, since some are precipitated by the above 
treatment It is often not easy to determine whether a plant protein is 
an albumin, on account of the difficulty of removing traces of salts acids 
or bases which cause solubility, and also of separating the albumins from 
the globulins with which they occur Albumins are however probably 
widely distributed in plant tissues. 

The best-known albumins are : 

Leucosm, which occurs in the seeds of Wheat (Triticum vulgare), 
Rye (Secede cereale) and Barley (ffordeum vulgare) 

Legumelm, which occurs in seeds of the Pea (Pisum sativum), Broad 
Bean (F^c^a Fdba), Vetch (Vicia sativa), Lentil (Ervum Lens) and some 
other Leguminous seeds 

Phaselm, which occurs in the Kidney-bean (Phaseolus mlgaris). 

Ricin, which occurs in the Castor-oil Bean (Ricinus communis). 

Expt 122 Demonstration of the presence of an albumin (Uucosin] in wheat or 
barley flour (see also JSxpts 128 and 130) Weigh out 10 gms, of wheat or barley flour, 
add 100 c c of distilled water and allow to stand, with occasional stirring, for 
2-6 hrs. Then filter off the solution Slowly boat the solution to boiling, and note 
that a precipitate of coagulated protein is formed 

Globulins. These may be defined as the proteins which are in- 
soluble in water but soluble in dilute salt solutions, the concentration of 
the salt solution necessary for complete solution (see p. 125) varying 
with the salt or protein under consideration. It should be noted that, 
in making wafer-extracts of plant tissues, it may happen that globulins 

1 Esbach's solution is prepared by dissolving 10 gms. of picric acid and 10 gms. of citric 
acid m water and making the solution up to a litre 
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pass into solution to some extent owing to the presence of inorganic 
salts in the tissues themselves This has also already been illustrated 
in Expt 121 m which an extract of the globulin of the Pea was obtained 
by treating ground Pea seeds with distilled water only 

It is characteristic of animal globulins that they are precipitated by 
saturation of then solutions with magnesium sulphate Many of the 
vegetable globulins cannot bo precipitated by the above means, though 
they are all, as far as tested, precipitated by sodium sulphate at 33 C 
Many also (like animal globulins) are precipitated by half-saturation 
with ammonium sulphate, though others are not precipitated until then- 
solutions are nearly saturated with this salt [see Expt. 121 (j)] 

Unlike animal globulins, vegetable globulins are, as a rule, only 
imperfectly coagulated by heat, even on boiling. 

Expt 123 Demonstration of the coagulation ofglobulm Heat a few c c of the 
solution of dmlyzed Pea globulin (from Expt 121) in a test-tube Note that the 
protein is largely precipitated, but tlio solution does not become quite clear 

One very important characteristic of the vegetable globulins is the 
ease with which a number of them can be obtained in crystalline form 
This result may be achieved by clialyzing a salt solution of the globulin. 
The salt passes out through the membrane, and the protein is deposited 
in the form of crystals An alternative method is to dilute the saline 
solution of globulin with water at 50-80 until a slight turbidity 
appears Then warm further until this goes into solution, and cool 
gradually, when the protein will separate in crystals. The globulin, 
edestin, from seeds of the Hemp (Gannabis saliva) crystallizes very 
readily (see Expt. 133) and crystals can also be obtained of the globulins 
from the seeds of the Brazil nut (Bertholletia esocelsa) (see Expt 136), 
the Flax or Linseed (Linum usitatissvniMri) (sec Expt. 135), the Oab 
(Avena sativa) and the Castor-oil plant (Hicinus communis) (see Expt. 
134) , other globulins separate out on dialysis as spheroids, sometimes 
mixed with crystals 

The solubilities of plant globulins are further complicated by the 
fact that some of these substances form acid salts which have different 
solubilities from the proteins themselves. Thus edestm is insoluble in 
water, but soluble in either dilute salt solution or acid. In the presence 
of acid it forms salts which are insoluble m dilute salt solutions Thus 
edestin in dilute acid solution is precipitated by a trace of salt, or in 
dilute salt solution by a trace of acid (see Expt 124) Legumin, on the 
other hand, from the Pea and other Lcgummosae is soluble in water in 
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the free state combined with a small amount of acid as a salt, it is 
insoluble in water but soluble in neutral salt solution, that is, it has the 
solubilities of a globulin (see p 134) 

Expt 124 The formation of salts by edestin Grind up 5 gms of seeds of the 
Hemp (Oannabis sativa) in a coffee-mill. Extract with 50 c c of warm (riot above 
60 C } 10% sodium chloride solution and filter Add a drop of strong hydiochlone 
acid to the filtrate Edestin chloride, which is insoluble in salt solutions, is precipi- 
tated Filter and diam off all the liquid, and then suspend the precipitate in 
distilled watei Add 1 or 2 drops of hydrochloric acid carefully and stir till most or 
all of the precipitate goes into solution Filter, and to the filtrate add a few drop.s 
of saturated sodium chlonde solution The edestin acid salt is again precipitated 



The following is a list of the 

Legumin, in seeds of . . . . 

Vignin, in seeds of 

Glycinm, in seeds of 

Phaseolm (crystalline), in seeds 

Conglutm, in seeds of 

Vicilin, in seeds of 

Corylm, in seeds of ... 

Amandin, in seeds of 



Juglansm, in seeds of 

Excelsm (crystalline), in seeds 

Edestin, in seeds of 

Avenahn, in seeds of 

Castanin, in seeds of 

Maysin, in seeds of 

Tuberm, in tubers of 



principal known globulins (Osborne, 2) 
/Pea (Pisum sativuvi) 
j Broad Bean ( Vicia, Faba). 
] Vetch ( Vicia sativa). 
\Lentil (Ervum Lens). 
Cow Pea ( Vigna sinensis). 
Soy Bean (Gli/oine hispida) 
/"Kidney Bean (Pfiaseolus vulgaris). 
of j Adzuki Bean (P. radmtus). 
[Lima Bean (P lunatus). 
Lupin (Lupinus) 
rPea (Pisatn sativum) 
. . -I Broad Bean ( V^cla Fciba) 
[Lentil (Ervum Lens). 
Hazel Nut ( Gorylus Avellana). 
/'Almond (Primus Amygdalus) 
\ Peach (P. Persica). 
1 Plum (P. domestica). 
V Apricot (P. Armenmca). 
rEuropean Walnut (Juglans reyia) 
-I American Black Walnut (J mgra). 
[American Butter-nut (J cinerea). 
of Brazil Nut (Bertliolletia excels^). 
Hemp (Oannabis sativa). 
Oat (Avena sativa), 
. . Sweet Chestnut (Gastanea vul- 

garis). 

Maize (Zea Mays). 
. . Potato (Solanivni tuberosum). 
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Crystalline globulins have also been isolated from the following' 
seeds but have as yet no distinctive names Flax (Linum usitatissimiim), 
Squash ( C ucurbita mawrna), Castor-oil Bean (R^o^nus comrawrm), Coconut 
(Gocos nucifera), Cotton-seed (Gossypium herbaceum)., Sunflower (Heli- 
anthus annuus), Radish (Raplianus sativus), Peanut (Arao/vis hypogaea), 
Rape (Brassica campesti is) and Mustard (Brassvca alba), 

It will be .seen that the majority of reserve proteins of seeds are 
globulins It is piobable that native and artificial crystalline proteins 
are identical in many cases. 

Prolamms These proteins are characterized by the fact that they 
are insoluble in water and dilute saline solutions, but are soluble in 
70-90 % alcohol Such proteins are peculiar to plants, and are formed 
to a considerable extent in the seeds of cereals The principal ones 
which have been isolated are 

Gliadm found in the seeds of Wheat (Triticum vulgare) 

Rye (Secale cereale) 

Hordein Barley (Hordeum vulgar e) 

Zem Maize (Zea Mays), 

The properties of the gliadms are demonstrated in Expts. 128, 129, 
130 and 131. 

Glutelms. The proteins of this group are insoluble m water, dilute 
saline solutions and in alcohol, but they are soluble in dilute alkalies, 
Glutenm of wheat is the only well- characterized member of this class 
which has so for been isolated, though other cereals most probably 
contain similar pro boms. A protein of this nature has also been obtained 
from seeds of Rice (Oryza sativa). The properties of the glutelms are 
demonstrated in Expts. 128, 129 and 131. 

Nucleoprotems, Though those proteins probably form constituents 
of all colls, the only members of the class investigated are those of the 
wheat embryo. This has been possible since nuclei form a large pro- 
portion of the tissue of the embryo They may be regarded as protein 
salts of nucleic acid, i.e. protein nucleates. On hydrolysis with acids or 
enzymes they split up into various proteins and nucleic acid, The 
nucleoproteins are also connected with the purins (see p. 164) 

Metaproteins. Those arc hydrolytic products of albumins and glo- 
bulins formed by the action of water or dilute acid or alkali. They 
are insoluble m water, strong mineral acids and all solutions of neutral 
salts, but are soluble in dilute acids and alkalies in the absence of any 
large amount of neutral salt, 
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EaeptlZS Reactions ofmetapt otein. Dissolve about 1 gin of edestin (sec Expt 133) 
in 50 c c of a 2 % hydrochloric acid and keep on a boiling water-bath for 2 hr s. 
Neutralize with dilute sodium carbonate solution A copious precipitate of meta- 
protein separates out which, is insoluble m water Filter off the precipitate cind 
wash Make with it the following tests 

(a} Dissolve up some of the precipitate again in 4 % hydrochloric acid To 
, portions of the solution add (i) Dilute sodium carbonate the metaprotoin is pre- 
cipitated again and redissolves in excess. (11) Goncentiated hydrochloric acid the 
metaprotem is precipitated (in) Boil some of the acid solution No coagulum m 
formed the metaprotein as not precipitated by boiling when m solution, and can 
still be precipitated by neutralizing with sodium, carbonate 

(6) Suspend some of the precipitate in water and boil Cool and add 4 / 
hydrochloric acid the precipitate is now insoluble, since the metaprotoin la coagu- 
lated when boiled in suspension 

(c) To some of the precipitate suspended in water, add gradually saturated 
ammonium sulphate solution the rnetaprotein is insoluble in all concentrations of 
the salt 

Proteoses (albumoses) and peptones. These substances are formed 
as products of hydrolysis "by enzymes When present in extracts from 
seeds, however, it is sometimes uncertain whether they formed original 
constituents of the seeds or resulted from hydrolysis. 

As a result of the enzyme hydrolysis of proteins a mixture of various 
proteoses is usually produced (Chittenden and Mendel, 4) which can be 
separated by various methods, such as different solubilities in ammonium 
sulphate, alcohol, etc. The albumoses are soluble in water, salb solutions, 
dilute acids and alkalies They are all precipitated by complete satura- 
tion with ammonium sulphate, and some by half-saturation with the 
same salt On the whole, they give the general colour reactions of the 
proteins, and are precipitated by the protein precipitants, though some 
groxips of proteoses show certain exceptions. Their solutions are not 
coagulated on "boiling. 

The peptones are the only proteins not precipitated by complete 
saturation with ammonium sulphate. They give the protein colour 
reactions and are precipitated by tannic acid and lead acetate 

Expt. 126 Separation and reactions of proteoses Take 2 gins of the globulin 
edestin (prepared as in Expt 133) and put in a flask with 100 c c, of 0"2% hydro- 
chloric acid and warm until as much as possible of the edestin goes into solution. 
Then cool and add 8 gm. of commercial pepsin add also a little tolupl, ahake 
and plug with cotton-wool Leave in an incubator at 38 C. for 4 days, (A control 
experiment should also be made with 100 c.c of 02 % hydrochloric acid and 
5 gm of pepsin. Since pepsin itself gives a biuret reaction, a control is necessary 
for comparison in the next experiment ) The preliminary changes in edoatin hydro- 
lysis are rapid, for it will be found that if the edestin solution is tested with sodium 
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chloride solution even after 24 hours in the mcubatoi, no piecipitate will bo given 
with sodium chloride, in contiast with the copious precipitate given on the addition 
of salt solution to the unaltered acid solution of edestin (see also Expt 124) After 
lour days, the incubated rnixtuie is neutralized with dilute sodium carbonate 
solution, filtered and saturated while boiling with solid ammonium sulphate 
A precipitate of proteoses is formed, which can bo gradually collected together as 
a sticky mass and removed with a glass rod Dissolve the precipitate in some hot 
water, fdter and make the following testa 

(a) XantfioproteiG reaction Add a few drops of nitric acid It is characteristic 
of most piotcoses that a precipitate is foimed which disappears on lieating and 
icappears on cooling. In the case of the proteosew from edestm, only a slight pre- 
cipitate may be given, but it is increased by adding a little sodium chloride solution 
The colour is intensified in the usual way by addition of amrnoma 

(6) Millon's i eaction A positive ie.su.lt i& given 

(c) Glyoscyhc reaction A positive result is given 

(d) Biiiiet reaction A pink or pmkish-violet colom is given 

(e) Sulphur roaetion A positive result is given 

(/) Add a little tanmc acid solution A precipitate is formed 

(17) Add a drop of copper sulphate solution A precipitate is formed 

(/i) Add a drop of strong acetic acid and then a couple of drops of potassium 

ferrocyanicle A precipitate is formed which disappears on heating and reappears 

on cooling 

(i) Boil some of the solution No eoaguluni is formed 

Ejupt 127 Detection of peptone The saturated solution, from, which the proteoses 
have been pi ecipitated, is then filtered and to a measmed quantity (about 5 c.o ) 
twice the volume of 40 % sodium hydroxide is added and a drop of 1 % copper 
sulphate solution A pink coloui appears, due to the presence of peptone. A test 
should be made with the control solution containing hydrochloric acid and pepsin 
only An adequate amount should be saturated with ammonium sulphate, filtered 
and 5 c e tested for peptone The reaction iw less marked than in the actual hydro- 
lytic product Concentrate the remainder of the peptone solution on a water-bath 
and pour off from the excess of ammonium sulphate crystals "Filter and make 
the following tests (i) Xanthoproteic, (n) Millon's, (in) Glyoxylic, (iv) Tanmc acid 
A positive result is obtained in each case 



THE SEED PKOTEINS OF CERTAIN PLANTS 

The proteins present in tlie seods of certain genera and species, upon 
which special investigations have been made, may now be considered 

It should be borne in mind that there are always several proteins 
present in the seed. Some are reserve proteins of the cells of the 
endosperm or of the storage tissue of the cotyledons others are proteins 
of the protoplasm and nuclei of the tissues of the embryo and of the 
endosperm. 

o. 9 
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PROTEINS OF CEREALS (GRAMINACEAE) 

As far as investigations have gone it may be said that the starchy 
seeds of cereals are poor in albumins and globulins The chief reseive 
proteins belong to the peculiar group of prolarnms, and a considerable 
portion also consists of glutelms 

The gram of Wheat (Tnticum vulgare] contains some 'proteose and 
a small percentage of an albumin, leucosm A globulin occurs only 
in very small amount The bulk of the protein consists of ghadm (a 
prolamm) and of glutemn (a glutelin). Nucleoprotems are present in 
the embryo, but there is no ghadm or glutemn (Osborne and Voorhees, 14) 

E%pt 128 Extraction of the proteins of the Wheat grain (a) Extraction of 
albumin (leticosiri) and proteose Take 100 gins of white flcair (the same quantity of 
wheat grains which have been ground in a coffee-mill may be used, but the extraction 
in this case is slower), put the ground mass in a large flask or beaker and add 
250 c c of distilled water Let the mixture btand for 1-4 hrs , shaking occasionally 
Eiltei off some of the liquid, first through muslin and then on a filter-pump Reserve 
the residue on the filter and test the filtrate for proteins [Expt. 121, (a)-(d)l 

Boil a second portion of the nitrate (after adding a drop or two of acetic acid) 
A precipitate of the albumin, leucosm, is formed Filter off this piecipitate, cool the 
filtrate and make the protein teists again All the above tests are given by the proteose 
in solution in the case of the xanthoproteic, the precipitate disappears on heating 
and reappears on cooling (Expt 126) Also make the following special test for 
proteobes (Expt 126) Add a little potassium fenocyanide solution and acetic acid 
A white precipitate is formed which disappears on heating and reappears on cooling 

(b) Extraction of the globulin Take the residue of ground wheat and drain on 
a filter-pump Then extract with 250 c c of 10 % sodium chloride solution for 
12-24 hrs Filter off, first through muslin, and then through paper on a filter- 
pump Put the extract to dialyze in a collodion dialyzer for 24 lira (toluol should 
be added to the liquid in the dialyzer) Filter oft the precipitate, which will be very 
slight, and dissolve it in a little 10 % sodium chloride (Though so little globulin is 
present, the experiment is instructive foi comparison with the large amount of 
globulin obtained from many other seeds ) Make the tests for protein [Expt. 121 
()-(<)] with the solution (Millon's cannot be used on account of the presence of 
chlorides). Also try the effect of (i) boiling the sodium chloride solution coagulation 
is not complete, (ii) adding a little acid- a precipitate is formed as in the case of 
edestin 

(c) Attraction of ghadm Take the wheat residue, which has been filtered from 
the sodium chloride solution, and add 250 ac. of 95 / alcohol Warm on a water- 
bath and filter. F-vaporate the hltrate, which contains ghadm, on a water bath (or 
better distil off the alcohol in vaeuo) When reduced to about half its bulk, take a 
Izttle of the filtiate and filter Divide this nitrate into two parts in test-tubes. To 
one add water to the other absolute alcohol A white precipitate of ghadm is 
formed m each case, since it is insoluble in both water and stiong alcohol, though 
soluble in dilute alcohol The remainder of the gliadm extract is evaporated almost 
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to dryness, and then poured into a large volume of distilled water A milky precipi- 
tate of ghadiu is formed which may be made to settle by adding a little solid sodium 
chloride and stirnng Filter off the gliadm and dissolve in 10 % acetic acid With 
the solution make the testa for protein [E\pt 121, (a)-(d)] 

(d) E&ti action of glutemn Take half the wheat residue from the alcoholic ex- 
traction, pound well in a mortar and extract again with warm alcohol and subsequently 
with water The residue must be free from watei- and alcohol-soluble proteins as 
they are also soluble in alkalies Then extract the residue with 1 % caustic potash 
.solution Filter off the extract which contains the glutemn To a portion of the 

N 
nitrate add -^ (sulphuric acid drop by drop A precipitate of glutenm is formed 

Test the remainder of the filtrate for proteins [Expt 121, (a)-(d)~\ 

The gliadm of wheat has the peculiar propeity of combining with 
water to form a sticky mass which binds together the particles of 
glutemn, the whole forming what is termed gluten It is this phenomenon 
which gives the sticky consistency and elastic properties to dough. 

Expt 129 To demonstrate the fact that gluten formation depends on the presence 
of gliadm Take two small evaporating dishes Fill one with ordinary flour Fill 
the other with flour that has been extracted with 70 % alcohol feu two or three days. 
(The alcohol is allowed to stand on the wheat in the cold It is then poured off, and 
moie added, and the pioceas repeated The flour is now dned again, first in air, then 
in the steam-oven and finally is ground in a mortar ) A little water is added to 
each of the dishes and the flour woiked up into a dough, This is then allowed to 
stand for half an hour The dough consists of gluten (gliadm and glutemn) to which 
the starch adheres Next take two beakers, fill with water, and over the top of each 
tie a muslin cover Place the two samples of dough on the muslin on the two beakeis, 
and rub gently with a glass rod The starch will be washed away into the beakers In 
the case of the normal flour a sticky mass of gluten will remain In the other case 
there will be no gluten on account of the absence of ghadin To the suspension of 
starch in the beaker add some iodine solution, and it will turn a deep blue-black colour 

In the Barley (Hordeuru vulgar e) gram, small percentages of an 
albumin, apparently identical with leucosin, and of a globulin, barley 
edestm, are present, together with some proteose The main protein is 
a prolamin, hordem, very similar to, but not identical with, ghaclm 
There is no well-defined glutelm (Osborne, 9). 

Expt. 1 30 Extraction of the proteins of the Barley grain, (a) JEastraction of the 
albumin and proteose Grind up 100 gnis of barley grains in a coffee-mill, or use 
preferably barley flour Add 250 c c of distilled water to the ground meal, and 
allow the mixture to stand* for 1-4 bra Filter of!' the extract, first through muslin 
and then through filter-paper Tho extract will contain a small quantity of the 
albumin, leucosin, and protoose. With the filtrate make the tests for proteins 
[Expt 181, (a)-(rf)] 

Boil a second portion of the filtrate, A white precipitate of the coagulated pro- 
tein is formed Filter off the precipitate, cool the filtrate containing the proteoae 
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and test for proteins All the tests will be positive in the ca&e of the xanthopioteic, 
the precipitate disappears on heating and reappeais on cooling, a characteristic of 
proteoses (Expt 126) Make also the special test for proteoses Add a little potas- 
sium ferrocyamde and acetic acid A white precipitate is formed which disappears 
on heating and reappears on cooling 

(b) Extraction of the globulin To the barley residue, after exti action with 
water, add 250 c c of 10 / sodium chlonde and allow the mixture to stand for 
12-24 hrs Filter fust through muslin and then filter-papei, and put the extract 
to dialyze for 24 hrs Filter off the precipitate of globulin which will ha\e formed, 
and take it up into solution again in as small a quantity as possible of 10 % sodium 
chloride Make with the solution the following tests (i) The usual (except Millon's) 
tests for proteins [Expt 121, (a)-(ctf)] these will give positive results (11) Boil a little 
of the solution imperfect coagulation will take place (in) Add a little acid a pre- 
cipitate is formed, as is usual with plant globulins 

(c) Extraction of the prolamin, hordem The residue, after the sodium chloride 
extraction, is then extracted with 250 c c of warm 95 / alcohol Filter, and con- 
centrate the nitrate on a water-bath (or better, distil ^n vacua) After concentration, 
test a little filtered extract as follows pour a few drops into (1) absolute alcohol, 
(2) distilled water A white precipitate of hordem is produced in each case, since, 
like ghadm, it is insoluble m both strong alcohol and water, but soluble in dilute 
alcohol Then pour the whole extract into a large volume of water The protein is 
precipitated as a fine white suspension, but will settle out more readily if a little 
solid sodium chloride is added. Filtei off the hordem, and dissolve m 1 % acetic acid 
Make the usual protein, tests [Expt 121, (a)-(d)~] , there will be a positive result in 
each case 

In the Rye (Secede cereale) gram there are small percentages of 
proteose, and of leucosm and edestm The greatei part of the protein 
is gliadm, said to be identical with that in wheat 

In the Maize (Zea Mays) grain there is apparently no true albumin, 
though there is some proteose There are small quantities of globulin, 
but the greater part of the protein is a prolamm, termed zem, and a 
glutemn (Osborne, 10). 

Expt 131 Extraction of pioteins of the Maize grain (d) Exti action of proteins 
soluble in ivatei Grind up 100 gms of maize grams in a coffee-mill, or preferably use 
maize meal Add 250 c c of water and allow the mixture to stand 1-4 hrs Filter 
off, first thiough muslin, and then filter-paper The filtrate contains proteose and 
probably a little globulin which has gone into solution owing to the presence of salts 
in the seed Make the usual tests for protein [Expt. 121, (a)-(d)]. 

Boil another portion of the filtrate Some coagulation of protein will take place 
Filter, cool the filtrate and test for protein [Expt 121, (a)-(o!)] Positive results will be 
given by the proteose present Make also the special test for proteoses . Add a little 
potassium ferrocyamde and acetic acid A white precipitate is formed, which dis- 
appears on heating and reappears on cooling 

(6) Extraction of globuhn The residue, after water extraction, is next tieated 
with about 250 cc of 10 / sodium chloride ^solution for 12-24 hrs Filter, first, 
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through muslin, and then through filter-paper. Dialyze the extract for 24 hrs Then 
filter off the precipitate of globulin which will have separated out, and dissolve 
in 10 / sodium chloride Make with the solution the following tests (i) The usual 
(except Millon's) tahts for proteins [E\pt 121, (a)-(cZ)] these will give positive results, 
(n) Boil a little of the solution imperfect coagulation takes place (111) Add a little 
acid the protein is precipitated. 

(G) Extraction of the prokwun, zem The residue after salt extraction is then 
extracted with 250 c c of hot 95 % alcohol Filter, and concentrate the filtrate, 
which contains the aem, on a wator-bath (or, better, distil in vacua) Pour a few 
drops of the concentrated extiact into (1) absolute alcohol, (2) distilled water As 
in the case of gliadin and hordem, a precipitate of zem will be formed Then pour 
the whole extract, after evapoiating to a small bulk, into excess of distilled water, 
and add a little solid sodium chloiiclo The precipitate of zein will slowly settle, and 
can bo filtered off Zem is not readily soluble in acids and alkalies Hence Millon's 
and the xanthoproteic tests should be made on the solid material Zem does not 
contain the tryptophano nuclcuH To demonstrate this, the glyoxyhc reaction should 
be made by shaking up some solid zem in reduced oxalic acid and adding sulphuric 
acid and mixing No purple colour is formed. 

(d) Extraction of glutemn Take about half of the residue after the alcoholic 
extraction, pound in a mortar, and extract again with alcohol Then extiact the 
residue with 1 % caustic potash solution. Filter off the oxtiact which contains 

the glutenm To a poition of the filtrate add sulphuric acid drop by drop 

A precipitate of glutenm is formed. Test the remainder of the filtrate for proteins 
[Expt 121, ( )-(d)] 

PROTEINS OF LEGUMINOUS SEEDS (LJBQUMINQSAJE). 

In the Legummosae, which are slarchy seeds, the chief reserve 
proteins, as contrasted with those of cereals, are globulins The various 
proteins occurring may be enumerated as 

Legumm A globulin which forms tho chief protein in the seeds of 
the Broad Bean (Vicia ffaba), the Pea (Pisum safovwi), the Lentil 
(Ervum Lens) and the Vetch ( V^o^a sativa) Legumm itself is soluble 
in water, but occurs as salts which are insoluble in water and soluble 
in saline solutions. Some portion can bo extracted from the soed by 
water only. 

Vicilin. A globulin occurring in smaller quantities than legumin 
and found only in the Pea, Bean and Lentil seeds 

Phaseolin. A globulin forming the bulk of the pro Loin of the 
Kidney Bean (Phaseolits vulgar is), 

Conglutm. A globulin forming the bulk of tho protein in Lupin. 
(Lupinus luteus) seeds. 
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Legumelin. An albumin found in small quantities in the Pea, 
Broad Bean, Vetch and Lentil 

Phaselm. An albumin found in small quantity in the seeds of the 
Kidney Bean (Phaseolus vulgans) 

Small quantities of proteoses are found in most of the above seeds 

Eupt 132. Extraction oj the proteins of the Pea (Pisum sativum) (Osborno and 
Campbell, 11, 12, Osborno and Harris, 13) As we have seen (Evpt 121), a certain 
amount of protein, including globulin, goes into solution when ground peas are ex- 
tracted with water A more complete method of extraction is as follows Grind in 
a coffee-mill 20-30 gnis of peas, add to the ground mass 50-60 c c of 10 (1 / sodium 
chloride solution and allow the mixtiue to stand for 1-2 hrs Then filter oft and 
saturate the nitrate with solid ammonium sulphate The globulins, legumin and 
vioilin, aro precipitated out Filter off the precipitate, and then take up in dilute 
ammonium sulphate (-j-^j saturated) and add saturated ammonium sulphate in the 
proportion of 150 c c to e\ery 100 c c of the solution (-fa saturation) The legumiu 
is precipitated and can be filtered oft Satmate the filtrate with ammonium sulphate 
the vicilin is precipitated and can he filtered off Dissolve up a little of each prou- 
pitatc in 10 / sodium chloride, and boil The vicihu is coagulated, but the legiimm IH 
not Then dissolve up the i emamder of the precipitates in dilute ammonium sulphate* 
and tebt both the solutions for protein by the usual reactions [Expt 121, ((i)-(d)"\. 

The albumin, legurnelm, which occurs only in small qxaantities in the seeds, can 
be obtained by dialyzing a water extract of the ground peas until all the globulin is 
precipitated On filtering and heating the filtrate, a coagulum of logumelm is formed. 

PROTEINS OF FAT-CONTAINING SEEDS 

Of the seeds which contain fat as a reserve material, those investi- 
gated have "been found, in contrast to the cereals, to contain largely 
globulin as reserve protein. In many cases those globulins have been 
obtained in crystalline foim after extraction from the plant 

The Hemp-seed (Qannabis sativa) contains one of the best-known 
crystalline globulins, namely edestm Pure neutral edestin is insoluble 
in water but soluble in salt solutions In the presence of acicl, however, 
edestin forms salts which are insoluble in salt solutions. Hence a 
solution of edestin in sodium chloride is precipitated by even small 
quantities of acids, and, conversely, a solution of edestin in acicl is 
precipitated by small quantities of salt (Osborne, 8). 

Expt 133 JSsotr action and crystallization of ede&tinfwm Hemp-seed TakeSOgma. 
of hemp-seed and grind in a coffee-mill Put the ground seed in a largo evaporating 
dish and add 200 c o of 5 n / sodium chloride solution Heat with a small flame and 
stir constantly A thermometer should be kept in the dish, and the liquid must not 
rise above 60 Filter off, m small quantities at a time, keeping the solution in the 
warm On cooling, the edostin separates out from the filtrate more or less in 
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crystals To obtain better crystals, filtei off the edesstm that has been deposited, and 
pour the filtrate into a dialyzer, add a little toluol, and suspend the dialyzer in 
running water As boon as it is cloudy, examine the dialyzed solution for crystals 
under the microbcope Add a little 5 {) / () sodium chlonde solution to the original 
precipitate of edestin in the filter Mike with the filtrate the following tests 
(i) The tests for proteins [Expt 121, (a)-(c), except Millon'sJ (11) Boil a little of the 
solution it is impel fectly coagulated (in) Add a little acid ede&tin chloride i,s 
precipitated 

In the Castor-oil seed (Ricmus co'iumums) there is also present a 
globulin which can be obtained in a crystalline form by the method of 
Expt 134 In addition, there IR present an albumin, ricm, which has 
peculiar toxic properties (Osborne, 8) 

A well-crystallized globulin can be obtained from the Linseed (Lininu 
usitatissimuni), and a globulin, excelsin, from the Brazil nut (Bertliolletut 
excelsa) also in crystalline or semi-crystalline form Similar globulins 
can be extracted from a number of other seeds, i e Coconut (Gocos 
nucifera), Sunflower (Hehanthus annmis), Cotton-seed (Gossypiutn Jter- 
baceum), Mustaid-seed (Brassica alba) and many others The fat is fiist 
removed fioni the ground seed by ether or benzene, the residue is then 
extracted with dilute sodium chloride and the extiact dialyzed 

Expt 134 Extraction oft/us globi/hu from Ricmus Weigh out about 50 gins of 
Ihnnus seeds, take off the testas and pound m a mortar Extract the oil by the 
method given in Expt 82 After extracting the oil, grind up the residue again in a 
mortar, and then treat it with about twice its bulk of 10 / sodium chloride solution 
for 0-12 hrs Filter successively through nmshn and filter-paper and dialy?e the 
filtrate The globulin will bo precipitated in semi-crystalline spheroids When 
the bulk of tho globulin has separated out, filter oft' the precipitate, and dissolve it 
m as dilute a sodium chloride solution as possible Make the following tests with 
the .solution (i) The tests for proteins [Expt 121, (a)-(rf), except Millon's] (11) Boil 
a little of the solution : tho coagulation is not complete (in) Add a little hydiochlonc 
acid a precipitate is formed 

Expt. 135 IStvtrdction of the globulin from Linseed (Osborne, 7, 8) Weigh out 
about 50 gms of Linseed and grind it in ft coffee-mill Extract the oil as m Expt, 82 
Treat tho residue with about twice its bulk of 10 % sodium chloride solution for 
6-12 hrs Then filter through muslin and filter-paper, and dialyze the filtrate 
Th& globulin separates out in octahodra. Filter off the protein, and take up in 
dilute sodium chloride Test the .solution as in the case of JRicmus globulin in the 
previous experiment 

E&pt 136 Jfotraat^on of the globulin (excelsin) from the Brazil nut (Osborne, 8) 
Woigli out about 100 gms of tho nut, free from the testas, and, after pounding in a 
mortar, extract the oil by the usual method. Then proceed aa in the two previous 
experiments. The protein separates out in semi-crystalline spheroids Filter off the 
precipitated excelsin, and dissolve in dilute sodium chloride solution Make with 
xt the tests as for the globulins in the last two experiments. 
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THE AMINO-ACIDS 

There is every reason to believe, since they always arise in hydrolysis 
of proteins, that ammo-acids are universally distributed in the plant. 
It is, however, difficult to isolate and detect them, except in certain 
special cases, as, for instance, in germinating seeds when a large store 
of protein is being rapidly hydrolyzed and translocated The following 
is a short account of the occuirence of some of the ammo-acids in the 
free state (see also p 120) 

Valme has been isolated from seedlings of the Vetch (Vicia), Lupin 
(Lupmus) and Kidney Bean (Phaseolus) It is present in larger amounts 
IE etiolated seedlings of Lupin than in the green plants. 

Leucine is widely distributed. It has been isolated from seedlings 
of Vicia, Vegetable Marrow (Cucurlita), Lupmus, Pea (Pisuni) and 
Goosefoot (Chenopodiuni) It has also been found in Phaseolus, Water 
Ranunculus (Ranunculus aquatilis], buds of Horse Chestnut (Aesculus 
Hippocastanum) and in small quantities in Potato tubers and other 
plants 

Isoleucme has been extracted from seedlings of View sativa 
Aspartie acid The amide of this acid, i e. asparagin, 

CONH 2 "CH 2 CHNH 2 COOH 

is widely distributed in plants It is present in shoots of Asparagus 
from which it derives its name. It has also been extracted in very 
considerable quantities from etiolated seedlings of Vicia, Lupin, and from 
vanous plants such as Potato, Dahlia, Garden Nasturtium (Tropaeolwti), 
Oucurbita and Sunflower (Hehanthus) 

Glutammic acid. The amide, again, of this acid, i.e. glutamine, 

CONH 2 CH a CH 2 'CHNH 2 COOH 

is widely distributed It has been isolated from seedlings of Oucurbita, 
Lupinus, ffehanthus, Castor-oil plant (Ricinus), Spruce Fir (Picea etxcelsa) 
and a number of Cruciferae 

Argimne has been isolated from seedlings of Lupiniis, Oucurbita, 
Vicia, and Pisum It is especially abundant in the seedlings of some 
Comferae, i.e. P^cea, eoocelsa, Silver Fir (Abies pectinata) and Scotch Fir 
(Pinus sylvestns) It also occurs in roots and tubers, as for instance in 
those of the Turnip (Brassica campestns), Artichoke (Helianthus tubero- 
sus), Chicory (Oichorium Intybus), Beet (Seta vulgaris), Potato and 
Dahlia, and in the inner leaves of the Cabbage (JBrassica oleracea) 
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Lysine has been isolated from seedlings of Lupinus, Vicia and 
Pisuin Also from the inner leaves of the Cabbage and tubers of the 
Potato. 

Phenylalamne has been isolated from seedlings of Lupinus luteus, 
Vicia sativa and Phaseolus vulgaris. 

Tyrosine is very widely distributed. It is present m seedlings of 
Vicia sativa, Oucurbita, Lupinus, Tropaeolum and tubers of Potato, 
Turnip, Dahlia, Beet and Celery Also m berries of Elder (Sambucus), 
in Clover (Tri/olium), Bamboo (JBambusa) shoots and other plants 

Prolme has been isolated m very small quantities fiom etiolated 
seedlings of Lupinus albus 

Histidine has been isolated from seedlings of Lupinus and tubers of 
Potato 

Tryptophane has been isolated from seedlings of Lupinus albus and 
Vicia sativa 

THE PROTEASES. 

We have seen in the previous pages that proteins can be hydrolyzed 
artificially with the intermediate production of proteoses and peptones, 
and the final production of a number of amino-acids. There is no doubt 
that this process of hydrolysis takes place in the living plant, and it is 
believed that the converse process, the synthesis of these proteins from 
ammo-acids, also takes place m the cell 

There is evidence that this hydrolysis of proteins is catalyzed by 
certain enzymes which have been termed proteases On analogy with 
other enzymes, wo may suppose that those enzymes also catalyze the 
synthesis of the proteins, 

Tl seems highly probable that the proteases are of two types 

1. Pepsin-like enzymes, which catalyze tho hydrolysis of proteins to 
peptones, and, m all probability, the reverse process 

2. Eropsin-like enzymes, which catalyze bho hydrolysis of albumosos 
and peptones to ammo-acids, and, in all probability, the reverse process 

We now turn to the evidence for the existence of proteases. In 
autolysis (see p. 19) the hydrolytic activity of many enzymes is un- 
controlled, and in the case of the proteins, the ammo-acids are formed 
as end-products. Ammo-acids are rarely present in plants in sufficient 
quantity to be detected readily, at any rate m small quantities of 
material, but if the tissues are put to autolyze at temperatures of 38-40 C., 
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the ammo-acids then accumulate and can be detected. Of all the ainmo- 
acids the one which is most readily identified ]g tryptophane If the autolyzed 
product is boiled, acidified and filtered to remove the remaining proteins, 
and, to the filtrate, bromine is added, drop by drop, the formation of a 
pink or purple colour will indicate the presence of free tryptophano, and 
hence it may be assumed that protein-hydrolysis has taken place 
Probably the formation of ammo-acids m autolysis is a universal property 
of plant tissues, for tryptophane has been detected on autolysis of many 
different parts of plants Examples are the germinating seeds of the 
Bean (Vicia Faba), Scarlet Runner (Phaseolus multiflorus), Pea (Pimm, 
sativum), Lupin (Lupinus Inrsutus) and the Maize (Zea Mays} and in 
ungermmated seeds of the above, though less readily It is also said to 
be formed on autolysis of leaves of Spinach (Spinacia), Cabbage (Brasmca.}, 
Nasturtium (Tropaeolum tuajus), Scarlet Geranium (Pelargonium zonale) t 
Dahlia (Dahha vanabilis) and others also of fruits of Melon (Gucumis 
Melo\ Cucumber (Gucumis sativus}, Banana (Musa saptentum), Tomato 
(Lycopersicum esculentum) and others of bulbs of the Tulip (Tuhpa,\ 
Hyacinth (Hyacmtlius orientahs) and underground roots of Turnip 
(Brass^ca), Carrot (Daucus Garota) and Beet (Beta vulgar is) (Vines, 
16-24, Blood, 3, Dean, 5, 6) 

E&pt 137 The formation of tiyptophane on mttolysis of renting seeds Grind up 
in a coffee-mill 15 gms. of Mustard (Brassiea, alba) .seed. Transfer to a Hank, and add 
100 c c of distilled water and about 2 c c of toluol Plug the mouth of tho flask 
with cotton-wool and put in an incubator for 3 clays. Then filter off the liquid, boil 
the filtrate and add a few drops of acetic acid Filter off any precipitate formed, 
cool the filtrate and add bromine water slowly and carefully drop by drop, .shaking 
well after each drop A pink or purple colour denotes tho presence of tryptophano 
Excess of broname will destroy the colour Then shako up with a little amyl 
alcohol The purple colour will be extracted by the arnyl alcohol which will HHO to the 
top of the water solution A control experiment should be made UHiug J gmw of 
seed which, has been well boiled with water in an evaporating di.sh 

It has been assumed that the formation of ammo-acids from proteins 
on autolysis is the outcome of two processes, the hydrolysis of proteins 
to peptones by pepsins, and the hydrolysis of peptones to amino-acirls 
by erepsms 

The next point to be considered is the possibility of detecting these 
two classes of enzymes separately. If either the pulp, or water extract, 
of various plant tissues be added to peptone solution and allowed to 
incubate at 38 C., tryptophane can bo readily detected after a day or 
two. This has been found to be true for the tissues of many seeds, 
seedlings, roots, stems, leaves and fruits (such as those already mentioned 
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above and others), the result indicates the wide distribution of an 
erepsin type of enzyme The detection of this enzyme is facilitated 
by the addition of the artificial supply of peptone 

Eaept 138 The detection ofeicpsms in plants 

(a) In reding seeds Grind up 10 gins of seeds in a coffee-mill, and add 100 c.c 
of water, 2 gm of Witte'b peptone and a little toluol Incubate for 2-3 days Tlie 
following weeds may be u&ed , Hemp (Gattnabis sativa), Castor-oil (Rwmus commums'), 
Pea (Pisum satiuum), Scarlet Runner (Pkaseolus multifioriis), Broad Boan (Vwut 
Fdba) and fruit of Wheat (Tnticum mdgare) Test for tryptophane Controls 
should bo made in these and the following eases 

(V) In germinating i>eed^ Take 10 geimmating peas, pound in a mortar, add 
100 c c of distilled water, Q'2 gm of Witte's peptone, and a little toluol Incubate 
for 3 days Teat for tryptophane 

(c) In leaves Pound up a small cabbage leaf, add 100 c c of water, 2 gm of 
Witte's peptone and a little toluol Incubate for 3 days Test for tryptophane 

(d) In roots Pound up about 20 gms of fresh carrot root. Add about 100 c c of 
water, 2 gm of Witte's peptone and a little toluol Incubate for 3 days Test for 
tryptophane 

The pepsin type of enzyme is less leadily detected It has long 
been known that the pitchers of the Pitcher-plant (Nepenthes') secrete 
an enzyme which digests fibrin. A few other cases of protein-digesting 
enzymes are well known, such as the so-called " bromelin " from the fruit 
of the Pine-apple (Ananas sahvus), "cradem " from the latex and fruit of 
the Fig (FiGus) and " papam " from the fruit and leaves of the Papaw 
Tree (Ganoa Papaya) Such enzymes were formerly termed "vegetable 
trypsiris" as they weie thought to be of the type of animal trypsm which, 
alone, hydro lyzes proteins to ammo-acids. On analogy with the results of 
research with other enzymes, it seems likely that "papam," "cradem" 
and " bronaelm " are all mixtures of pepsin and crepsm. In addition to 
these better known cases, it has also been stated that fibrin is digested 
by extracts or pounded pulp of the fruits of the Cucumber and the 
Melon, the " germ " (embryo) of Wheat, the bulbs of Tulip and Hyacinth, 
the seedlings of the Bean, Pea, Scarlet Runner, Lupm and Maize, and 
the ungerm mated seeds of the Pea, Lupin and Maize. These have also 
been shown to contain erepsm. 

A separation of pepsin from erepsin has been achieved in the case 
of the seeds of the Hemp (Gannabis sativa) by means of the different 
solubilities of the two enzymes in water and salt solutions 

Esapt 139 The extraction and the separation of the two enzymes, erepsin and 
pepsin, from JSemp-seed (Gimntibia sativa) (Vines, 22) Weigh out 50 gnaw of hemp-seed, 
grind it in a coffee-mill and extract with 250 c.c of 10% sodium chloride solution 
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Allow the mixture to stand all night and then filter Both operations should be 
carried out at as low a temperature as possible Measure the filtrate, and add acetic 
acid to the extent of 2 % A dense precipitate is formed Filter again, keeping as 
cool as possible 

The acid filtrate contains the erepsm, but not the pepsin. Measure out -10 c c. 
into each of three small flasks, and add the following (i) 2 gm of Witte's 
peptone, (n) the same, only boil the whole solution, (111) 2gm of carmine fibrin 1 . 
Add a little toluol to all three flasks, plug with cotton-wool, and incubate for three 
to four days. Test for tryptophane in flasks (i) and (11) , the first gives a marked 
reaction, the second little or no reaction The fibrin in (m) will remain unaltered. 

The precipitate produced by the acetic acid is then washed on the filter twice 
with 100 c c of 10 % sodium chloride solution, containing 2 / acetic acid, to 
remove tiaces of erepsm The precipitate is then treated with about VOc.c of 
water, allowed to stand for a time, and then filtered The filtrate is divided into 
three equal portions Add the following respectively (i) 1 gm of carmine fibrin, 
(n) the same, but the solution is boiled, (m) 02gm of Witte's peptone Add a 
little toluol to all three flasks, plug with cotton-wool and incubate for 3-4 days 
The fibun will be seen to digest slowly in flask (i) (11) will show no digestion, and 
(111) will give no tryptophane leaction 
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OHAPTEE IX 

GLUOOSIDES AND GLUCOSIDE-SPLITTINO ENZYMES 

ATTENTION has been drawn to the fact (Chapters v and vn) that in the 
plant, compounds containing hydroxyl groups often have one or more of 
these groups replaced by the C G H H B residue of glucose Such com- 
pounds are termed glucosides The substances in which this substitution 
most frequently occurs aie of the aromatic class, and the glucosides may 
be regarded, on the whole, as ester-like compounds of carbohydrates 
with aromatic substances The non-sugar portion of the glucoside may 
vary widely m nature, and may be, for instance, an alcohol, aldehyde, 
acid, phenol, flavone, etc The sugar constituent is most frequently 
glucose, but pentosides, galactosides, mannosides and fructosides are also 
known Sometimes more than one monosaccharide takes part in the 
composition of the glucoside (These various relationships are shown in 
the accompanying table ) The inclusion of all glucosides in a class is 
m a sense artificial- the character held in common (with very few 
exceptions) is that, on boiling with dilute acids, or, by the action of 
enzymes, hydrolysis takes place, and the glucoside is split up into 
glucose (or other sugar) and another organic constituent A number of 
compounds occurring as glucosides have already been dealt with, for 
example, the tannins and flavone, flavonol and anthocyan pigments, but, 
in these cases, the significance of the compounds lies rather m tho 
nature of their non-sugar constituents than in the fact of their being 
glucosides 

There are, however, a number of glucosides which have been grouped 
together and are more read ily classified in this way than in any other, 
Some of them, doubtless, have come into prominence as glucosides on 
account of their association with well-known and specific enzymes, as, 
for instance, the glucoside amygdalm associated with the enzyme omul- 
sin, and the glucoside smigrm with the enzyme inyrosm. 

The hydrolyzing enzymes are by no means always specific, for m 
vitro one particular enzyme may be able to hydrolyze several glucosides. 
Many glucoside-splitting enzymes have been described, though there is 
no reason to suppose that each glucoside is only acted upon by an 
enzyme specific to that glucoside It is likely moreover that some of 
the different enzymes described will probably prove to be identical. 

In some cases where more than one monosaccharide is attached to 
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the glueoside, the different sugar groups are removed separately by 
different enzymes (see later, emulsm, p 145) 

The glucosides as a whole (except fiavone, flavonol and anthocyan 
pigments) aie colourless crystalline substances When extracting them 
from the plant, it is usually necessary to destroy the accompanying 
enzyme by dropping the material into boiling alcohol or some other 
reagent (see autolysis, p. 19) 

In Chapter v it has already been mentioned that cZ-glucose exists in 
two stereoisomeric forms, the a and the ft form 

It was also pointed out that the glucosides can be classed either as 
a- or /3-glucosides, according to whether the a or the ft form of glucose 
combines with the non-glucose residue. 

RO C H H- 





CHijOH 

a-glucoside /3-glucoside 

Maltose, for instance, is regarded as an a-glucoside of cZ-glucose. It 
has been further shown that the enzyme maltase can only hydrolyze 
a-glucosides, whereas other enzymes, e.g the prunase component of 
emulsm, only act on /9-glucosides. 

The various glucosides considered m detail in this chapter together 
with some others arc grouped under the following headings (Arm- 
strong, 8) 

Products of hydrolysis 



G-lucoside 



Couiferin 

Populin 

Saliom 

Syrmgin 



Amygdalm 

Dhumn 

Lmamarm 



Plant in which commonly 
found 



Alcohols 

(Coniforao, Beta, Asparagus, (Jhtcoae+comferyl alcohol 

Scorzonera) 

(Populus) Glucose +saligenin + benzoic acid 

(Salix, Populus} Glucose +saligenm 

(Ligu&trum, Syringa, Jasmi- Glucose + syringcnin 

num.) 



(Prunus, Pyriis) 
(Sorghum) 
(lanum, Phaseolus) 



Aldehydes 
Glucose + Tbonzaldohyde + pnlssic 

acid 
Glucose + paraliydroxybeiixaldehyde 

H-prussic acxd 
Glucose 4- acetone -f prussic acid 
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Grlucoside 

Prulaurasin 
Prunasm 
Sambunignn 
Vicianin 



Gaultherm 
Stiophanthm 



Plant in which commonly 
found 



(Prunus) 

(Cerasus, Prunui,) 
(Sambucus) 
( Vioia) 



(Cfaultheria, Spiraea') 
(Strophanthus) 



Arbutm 

Hespendin 

Naringin 

Phloriclzm (Eosaceae) 



(Ericaceae) 
(Citrus) 



Aesculm 
Fraxin 



(A escuhis) 
(Fraxinus) 



Glucotropaeolm (Tropaeolum, Lepidium} 
Sinalbm (Brassica alba) 

Smigrm (Brassica mgra) 



Apiin 

Lsoquercitrm 

Lotusm 

Mynoitrm 

Quemtrm 

Eobinm 



(Gamin) 

(Gossi/pium) 

(Lotus) 

(Mynea) 

(Quercus, Fraxmus, Thea) 



(Ruta, Cappans, 



Cyanm 
Delphmm 

Malvin 
Oemn 
Peonin 
Pelargoniri 


(Oentaurea, Rosa) 
(Delphinium) 

(Malva) 
( Vitis) 
(Paeoma} 
(Pelargonium, Centaiirea') 



Aucubm 
DigitaJm 
Indican 



(Aucitba, Plantago) 

(Digitalis) 

(Indigofera) 



Products of hydiolysis 

Aldehydes (cont ) 
Glucose + benzaldehyde -f prussic 

acid 
Ghicose + benmldohyde + prusaio 

acid 
Glucose + benzaldebyde + prussic 

acid 
Vicianose + benzaldeliydo + prussie 

acid 

Acids 

Glucose + methyl salicylate 
Mannose + rharnnose+ stropliawthi- 
din 

Phenols 

Glucose + hydroqumone 
Glucose + rhamnoso + liosperetm 



Goumann derivatives 
Glucose + aesculetin 
Glucose + fraxetm 

Mustard-oils 
Glucose + benzyl isothiocyanatc + 

potassium hydiogon sulphate 
T i 1 sulphate + 

ijriucose + anyi isoi-niocyanato + 
potassium hydrogen sulphate 

Flavom and jflawnol pigments 
Apiose -f apigemn 
Glucose + quercetm 
Glucose + pi ussic acid + lotoflavin 
Ehamnose + myncetm 
Ehamnose + quorcetm 
Ehamnose +galactoso + kaompfoi ol 
Glucose -f- rhamnose + qxiercotm 

Anthocyan pigments 
Glucose -|- cyanidm 
Glucose + oxy benzole acid+delphi- 

mdm 

Glucose + malvidin 
Glucose + oenichn 
Sugar +peonidiu 
Glucose +pelai'gonidm 

Various constituents 
Glucose + aucubigenin 
Glucose + dio^talose + digitaligenm 
Glucose + nuloxyl 
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CYANOPHOBIC GLUCOSIDES 

The chcaracteristic of these substances is that they yield prussic acid 
as one of the products of hydrolysis They are fairly widely distributed 
the following list (Greshoff, 15) includes most of the natural orders in 
which such glucosides occur Araccae, Asclepiadaceae, Berberidaceae, 
Bignomaceae, Caprifohaceae, Celastraceae, Compositae, Convolvulaceae, 
Ciuciferae, Euphorbiaceae, Grammaceae, Leguminosae, Lmaceae, 
Myrtaceae, Oleaceae, Passifloraceae, Rammculaceae, Rhamnaceae, 
Rosaceae, Rubiaceae, Rutaceae, Saxifragaceae, Tiliaceae and Urticaceae 

Amygdalm. This is one of the most important of the cyanophoric 
glucosides It occurs in the seeds of the bitter Almond (Prumts 
Amygdalus) but it appears to bo almost entirely absent from the sweet 
or cultivated Almond It also occurs in the seeds of the other species of 
Prunus the Plum (P domestica), the Peach (P Persica}, etc. of the 
Apple (Pyrus Mains} and the Mountain Ash (P. Auoupana) It occuis 
sometimes in leaves, flowers and bark 

By the action of an enzyme, originally termed emulsin, which occurs 
in both the bitter and the sweet varieties of Almond, the glucoside is 
broken up as follows in two stages* 

CaoHtfNOu + H,p = C fl H u O,, + C 14 H 17 NO 6 

mandelonitnle glucoaide (prunasin) 



CuHjyNO,, + Hp = C fl Hi 2 O fl + HCN + C 

bonzaldehyde 

It should be noted that the sweet Almond contains emulsin although 
it is almost entirely free from amygdalin. 

Recently (Armstrong, Armstrong and Horton, 8) emulsin has been 
shown to consist of two enzymes, amygdalase and prunase amygdaiase 
hydrolyzos amygdalin with formation of mandelomtnle glucoside and 
glucose, whereas prunase hydrolyzcs naandelomtrile glucoside (prunasm) 
with formation of benzaldehyde, prussic acid and glucose On the basis 
of these reactions amygdalin is represented as. 

j o | J 5 "" 5 

CH a OH CHOH CH CHOH CHOH CH ' O CH 2 CHOH CH CHOH CHOH CH ' O OH 

I __ o 1 ,| 

ON 

Prunasin occurs naturally in the Bird Cherry (Cerasus Padus\ and 
it is found that prunase may exist in a plant, e.g. Cherry Laurel 
(P. Laurocerasus), which does not contain amygdalase. 

o, in 
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Prulanrasin (laurocerasiri) is a glucoside occurring in the loaves of 
the Cherry Laurel (Prunus Laurocerasus). It has been represented as 
racemic mandelomtnle glucoside, prunasm being the dextro form 

Sambunigrm is a glucoside occurring in the leaves of the Elder 
(Sambucus mgra). It has been represented as laevo mandolomtrilc 
glucoside. 

When tissues containing cyanophoric glucosides and their corre- 
sponding enzymes are submitted to autolysis, injury, or the action of 
chloroform, hydrolysis takes place (see autolysis, p 19). A rapid 
method (Mirande, 17, Armstrong, 5) for detecting the prussic acid is to 
insert paper dipped in a solution of sodium picrate into a tube con- 
taining the plant material together with a few drops of chloroform. In 
the presence of prussic acid the paper becomes first orange and finally 
brick-red owing to the formation of picramic acid 

In addition to those previously mentioned there aie other Biitish 
plants, the leaves of which give off prussic acid on autolysis (presumably 
from cyanophoric glucosides), as for example the Columbine (Aquilegm 
vulgans), Arum (Arum maculatuni), Hawthorn (Crataegus Oxyacantha}, 
Reed Poa (Glyceria aquatica), Bird's-foot Trefoil (Lotus curmculatus), 
Alder Buckthorn (Rhamnus Frangula), Black and Red Currant and 
Gooseberry (R^bes nigrum, R rubrum, R Grossulana), Meadow Rue 
(Thahctrum aquilegifohum) and the Common and Hairy Vetches ( View 
sativa and V hirsuta) 

It has been shown (Armstrong, 7) that of the species L. cornioulatus 
there is a variety (L uhginosus) (taller and growing in moister 
situations) which does not produce cyanophoric substances and hence 
does not give off prussic acid on autolysis. 

Evpt 140 Method of detection of cyanopfionc glucondes in t/m plant Take throe 
flasks in one put a whole leaf of the Cherry Laurel (Prunus Lawocerasw) , m the 
second a leaf which has been torn m pieces and then either pricked with a needle or 
pounded in a mortar m the third a leaf with a few drops of chloroform. Cork all 
three flasks, inserting with the corks a strip of sodium piorate paper (Tho paper is 
prepared in the following way . strips of nlter-papei are dipped in a 1 % solution of 
picric acid, are then suspended on a glass rod and allowed to dry in air. Before 
using, the paper is moistened with 10 % sodium carbonate solution and is suspended 
in the moist condition just above the material to be examined In the presence of 
prussic acid, the paper first becomes orange-yellow, then orange and finally brick-rod ) 
In a short time the paper in the flask containing the leaf and chloroform will turn rod , 
in the flask with, the injured leaf, the reddening will take place rather ^moro slowly, 
whereas in the case of the entire leaf, the paper will remain yellow 

The above experiment may also bo carried out, usually with success, on leaves of 
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the Columbine (Aquilegw, vulgans), the Arum (Arum maoulatum} and plants of the 
Bird's-foot Trefoil (Lotus cormculcttus) also with bitter almonds and apple pips, and 
young shoots of Flax (Linwm pet enne) In the case of the seeds, these may be used 
crushed, both with and without chlorofoim, the uninjured seed being used as a 
control. 

Escpt 141 Pi eparation of amygdahn Weigh out 100 gms of bitter almonds 
Remove the testas by immersing them for a short time in boiling watei Then 
pound up the almonds well in a mortar and transfei to a flask Add about 
200-300 ec of ether and allow the mixture to stand foi 2-12 hours Filtei off the 
ether and extract again with fresh ether The greater part of the fat will be removed 
in this way Then dry the residue fiom ethei and, as rapidly as possible, extract 
twice or three times with boiling 90-98 % alcohol which removes the amygdahn 
The residue, after ether extraction, contains both amygdahn and emtil&m, and, if 
allowed to stand, the eumlsin will hydrolyze the amygdahn hence the necessity for 
rapid extraction with alcohol Evaporate the filtered alcoholic extract on a water- 
bath or, better, distil in vacua to a small bulk Then add an equal volume of ether 
and allow the mixture to stand for a time The amygdahn separates out on standing 
Filter off the precipitate, dissolve in a little hot water and allow to crystallize in a 
desiecator 

Evpt 142 Preparation of emulsin (Bourquelot, 10) Weigh out 25 gms of 
hweet almonds (Bitter almonds can also bo used The sweet variety is pieferable , 
since from thorn the eniulsm can be more readily pieparcd free from amygdahn ) 
Plunge them for a moment into boiling water and remove the testas Pound 
thoroughly in a mortar, and extract the bulk of the oil with ether as m the last 
experiment Then grind up the residue with 50 c c of a mixture of equal parts of 
distilled water and water saturated with chloroform and allow the whole to stand 
for 24 hours. Filter by means of a niter-pump, and to the filtrate add glacial 
acotic acid (1 drop to 15 c e of the iiltrate) whereby the protein is precipitated 
Again filter, and to the filtrate add 3-4 times its volume of 9G-98 % alcohol. The 
omulsin is deposited as a white precipitate. Filter off the precipitate and dissolve it 
in about lOOc.c of cold distilled water 

Expt. 143 (a) To demonstrate the hydrolysis of ami/gdtdin ly emulsm Into 
each of two flasks put 50 c c of a 1-3 % solution of amygdahn. To one flask add 
25 c c of the euiulsm solution prepared in the last experiment To the other flask 
add 125 c c of enzyme solution after it has boon well boiled, and again boil the 
mixtuie after adding the enzyme Fit each flask with a cork and sodium picrato 
paper The paper in the flask containing the unboiled enzyme will rapidly turn red, 
the control remaining yellow. Unless both the enzyme and the amygdahn solution 
are well boiled in the case of the control, the paper may show reddening in time on 
account of traces of prussic acid present in both solutions 

(6) Simplified method for extraction of amygdahn and emulsm, and demonstra- 
tion of hydrolysis of amygdalin "by omulsin. Take 12 bitter almonds. Remove the 
tostas by immersing them for a short time in boiling water. Then pound up the 
almonds well in a mortar and transfer to a flask. Add about 50 c c of alcohol and 
heat to boiling on a water-bath. Filter off the extract, and evaporate it to dryness 
on a water-bath. The residue will contain amygdalin 
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Take six sweet almonds and remove the testaa as before Pound in a mortar and 
transfer to a flask Add a little ether and allow to stand for a short time Pour off 
the ether, and add a little more which should again be poured off This removes some 
of the fat and makes extraction of the emulsm easier Then extract the residue 
with about 40 e c of distilled water and filter The filtrate contains the enzyme 
emulsm 

Take 10 c e of the emulsm solution, and divide it into two portions in two test- 
tubes Boil one well (see Expt 143 a), and to both add equal quantities of a water 
extract of the amygdahn prepared above Cork the tubes and insert picric paper 
with the cork in each case 

It has been found, as previously mentioned, that emulsm can 
hydrolyze other glucosides, as for instance, salicin (see pp. 48, 152) On 
hydrolysis, salicin splits up into salicylic alcohol (sahgemn) and glucose. 
Salicin, itself, gives no colour with ferric chloride but saligemn gives a 
violet colour, and by means of this reaction the course of the hydrolysis 
can be followed 

Expt 144 To demoiutrate the hydrolysis of saliow l>y emulsin To 10 c c of a 
1 % solution of salicin in a te&t-tube add 10 c c of the eniulsm solution prepaied m 
Expt 142 or 143 As a control boil in a second test-tube another 10 c c of the 
cmulsin solution and add 10 c c of salicru solution After about an hour, add to 
both test-tubes a few c c of strong ferric chloride solution A purple colour will be 
given in the first test-tube but no colour in the control The process of hydrolj ais 
will be accelerated by placing the tubes in an incubator 

A modification can be made as follows A second pair of test-tubes should 
be prepared as before and to both sufficient feme chloride should be added to give a 
faint yellow tinge The unboiled mixture will gradually acquire a purple colour at 
ordinary temperature. 

Other cyanophonc glucosides are dhurnn, phaseolunatm (Imamarin), 
lotusin and viciamn 

Dtnirrm occurs in seedlings of the Great Millet (Sorghum vulgare) 
On hydrolysis it yields glucose, prussic acid and parahydroxybenzalde- 
hyde (C 6 H 4 OH CHO). It is hydrolyzed by emulsin 

Phaseolunatm occurs in seeds of the wild plants of PJiaseolus 
lunatus and in seedlings of Flax (Linuin). It is associated with an 
enzyme which hydrolyzes it into acetone, glucose and prussic acid. 

Lofrusin occurs in Lotus arabicus On hydrolysis by an accompanying 
enzyme (lotase) it gives glucose, prussic acid and a yellow pigment, 
lotoflavm. 

Vicianin occurs in the seeds of a Vetch ( Vicia angustifolia). It is 
hydr.olyzed by an accompanying enzyme into prussic acid, benzaldehyde 
and a disaccharide, vicianose. 
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MUSTARD-OIL GLUOOSIDES 

These are glucosides containing sulphur and they have been found 
chiefly among the Cruoiferao. Sinigrm and ainalbm, the glucosides of 
mustard, have been most investigated 

Sinigrm. This glucoside occurs in the seed of Black Mustard 
(Brassica nigra) and other species of Brassica. Also in the root of the 
Horse-radish (Gocldeana Armor no'ia) Sinigrm is hydrolyzed by the 
enzyme, myrosin (Guignard, 16, Spatzier, 18) (which occurs in the 
plant together with the glucoside), into allyl isothiocyanate, potassium 
hydrogen sulphate and glucose 

C JO H W 0,NS S K + HoO = CjH B NCS + C () H la O (! + KHSO 4 

Evpt 145 Eitt action of t,inic/rm fiom Blarl Mustard Weigh out lOOgniK of 
Black Mustard weed. Grind ilio seed m a coffee-mill and afterwards pound in a 
mortar Hoat 175 c e of 85 % alcohol to boiling in a flask on a water-bath and add 
the pounded mustard, and after boiling about \ hour, filter and pi ess out the alcohol 
Then put the dried cake of residue into 800 c c of water and allow the mixture to 
stand for 12 hours Pi ens out the liquid and after filteimg and neutralizing with 
barium carbonate, concentrate in vacua to a syrup Then extract with 90% alcohol 
and filtei On concentrating and exposing in a crystallizing di&h, the smigrin 
.separates out in white needles 

Sinalbin occurs in the seeds of White Mustard (Sin apis alba) By 
myrosin it is hydrolyzod to jp-hydroxybemyhsothiocyanate, acid sinapm 
sulphate and glucose 

C to H 4a 10 N a S a + H fl O = C 8 Hj 9 O fl + C 7 H 7 ONCS + C^Hw 



E&pt 146 Extraction of smattmi from White Mustard Weigh out 100 gms of 
White Mustard aeod Grind and pound well and extract the fat with ethor Then 
extract with twice its weight of 85-90% alcohol several times and ^vell pi ess out the 
alcohol Tho extract is evaporated to half its bulk and filtered. On cooling the 
sinalbin .separates out in crystals 

JSvpt 147 Preparation a/mi/romi. Weigh out 50 gms, of White Mustard seed and 
grind in a coffeo-mill Add 100 oo of water and allow the mixture to stand for 
12 hours Then filter and allow the filtrate to run into 200 c.c. of 95-98 % alcohol 
A white precipitate is formed which contains the myrosm Filter off the precipitate 
and wash on the filter with a little other 

Expt. 148 Action of myrosin, on sinigrm Put into two test-tubes equal quantities 
of a solution of the Rinigrm prepared in Expt 145, DisHolve some of the myrosin. 
prepared in the last experiment in water and divide the solution into two parts 
Heat one part to boiling and then add the two portions respectively to the two test- 
tubes of sinigrm Plug both test-tubes with cotton-wool. After about hour a 
strong pungent smell of mustard oil, allyl isothiocyanato, will bo detected in the 
unboiled tube. 

A more simolo method of demonqtrabTn +hf aM-inn rvf mvrwiin i ni Mlcvroa 
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Pound about 5 gms of Black Mustard seed in a mortar and then boil with water 
Some mustard oil will be formed before the myrosin is destroyed, so that boiling 
should be continued until no pungent odour can be detected Then filter and cool 
the solution and divide into two parts To one add some myrosm solution To the 
other an equal quantity of boiled enzyme solution After | hour the smell of allyl 
isothiocyanate should be detected in the unboiled tube. 

SAPONINS 

These substances are very widely distributed, being found in the 
ordeis Araliaceae, Capnfoliaceae, Combretaceae, Compoaitao, Cucurb]- 
fcaceae, Grammaceae, Guttiferae, Lecythidaceae, Legummosae, Lihaccao, 
Logamaceae, Magnoliaceae, Myrtaceae, Oleaceae, Pipcraceac, Pitto- 
sporaceae, Polemomaceae, Polygalaceae, Primulaceae, Protoaccao, 
Ranunculaceae, Rhananaceae, Eosaceao, Rutaceae, Saxifragacoae, 
Thymelaeaceae and the majority of the orders of the cohort Oentro- 
spermae On hydrolysis with dilute mineral acids the saponins yield 
various sugars glucose, galactose, arabmose, ihamnoso together with 
other substances termed sapogenins 

The saponins are mostly amorphous substances readily soluble 
in water (except in a few cases) giving colloidal HO! u Lions These 
solutions froth on shaking, and with oils and fats they produce very 
stable emulsions By virtue of this property, they have been used as 
substitutes for soap The Soapwort (Saponana) owes its name to Lhu 
fact that the root contains a saponin 

COUMABIN GLUCOSIDES 

These substances are hydroxy derivatives of coumarin, which itself 
may be represented as 



CH = CH CO 




Aeseulm is one of the best known of these glucosides. It occurs in 
the bark of the Horse Chestnut (Aesoulus JHippocastanum). On hydro- 
lysis with dilute acids it yields glucose and aesculctm, the latter being 
represented as 

CH=CH CO 
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Aesculm is characterized by giving in water solution a blue fluor- 
escence which can be detected even m great dilution. The fluorescence 
is increased in alkaline, and decreased in acid, solution. 

Escpt 1J.9 JD&mo'iisti ation of the presence of aeseuhn in Aesculus "baric Strip off 
the bark from some young twigs of Aesoulus and boil in a little water in an evaporating 
dish Filter diid pour the filtrate into excess of water in a large vessel A blue 
fluorescent solution will l>e formed. 



GLUCOSJDES OF FLAVONE, FLAVONOL AND ANTHOCYAN PIGMENTS 
Those substances have already been consideiod in Chapter VII 

GLUCOSIDES OF VARIOUS COMPOSITION 

Coniferin This glucoside occurs in vanous members of the Comferae 
and also in Aspwayus On hydrolysis with mineial acids or omulsin, it 
breaks up as 

= CHCH 2 OH 




= C 6 H 12 ( , 
Coniform ^ J O CH, 

OH 

Comferyl alcohol 

Arbutin This giucosidc is found m tho leaves of the Bearberry 
(Arctostapliylot* Uva-urs'i), Pywla, Vticcimitm, and other Ericaceae and 
also of the Pear (Pijrus commums). 

On hydrolysis with acids arbutm yields hydroqumone and glucose 

Cit!H](|O 7 + H a O - C (! H ( |Oi, + CflHj.jO,, 

the same hydrolysis is brought about by the enzyme emiilsm. 

It has been suggested that tho darkening of leaves of the Pear 
(BourqueloL and Fichtenhok, 11, 12, 13) either onautolysis or injury, or 
at tho fall of tho loaf, is duo to the hydrolysis of the aibutin by a gluco- 
side-splittmg enzyrao in the leaf, and subsequent oxidation of the 
hydroquinone so formed by an oxidase. 

JSxpt 150. JSxtraetian of arbutm, from leaves oj the Pear (Pyrus communiH) 
Weigh out lOOgms. of fresh leaven (without petioles) Tear tho leaves into small 
pieces and drop them as quickly aw possible into about 500 c c of boiling 96-98 % 
alcohol m a flask Boil for about 20 mins., adding more alcohol if necessary Then 
filter off' the alcohol and pound up the loaf residue m a mortar arid extract again with 
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boiling alcohol Filter and distil off the alcohol from the extiact HI vacua Extract 
the residue with 1 00-200 c c of hot water and filter Warm the fUti ate and precipitate 
with lead acetate solution until no moi e precipitate is formed This removes flavones, 
tannins, etc but the arbutin is not precipitated Filter and pass .sulphuretted hydrogen 
into the filtrate to remove any excess of lead acetate Filter and concentrate the 
filtrate in vacua to a syrup Then extiact twice with small quantities^ of ethyl acetate. 
Concentrate the ethyl acetate on a watei-bath and cool A mass of crystals of arbutin 
will separate out This should be filtered off on a small filter, and rccrystalhsced from 
ethyl acetate Take up a little of the purified glucoside in watei and add a diop or 
two of feme chloude solution A blue coloration will be given 

Salicin This substance occuis in the bark of various species of 
Willow (Sahss) and Poplar (Populus) also in the flower-buds of the 
Meadow-Sweet (Spiraea Ulmaria) On hydrolysis with acids, or on 
treatment with emulsm, salicin is decomposed into sahgenin 01 salicylic 
alcohol and glucose 

c ia H is7 + H aO = C c H d OH CH.jOH + C b H 13 O,, 

Saligenm gives a violet colour with ferric chloride solution and in this 
way the progress of the reaction can be demonstrated (see also p 148) 

Indican (see also p 115) This glucoside occurs in ahooLs of the 
so-called "Indigo Plants," Im%o/em Anil, I ereota, I tinctona, I swnia- 
trana also in the Woad (I satis tmotoria), m Polygonum tinctorium and 
species of the Orchids, Phcyus and Culanthe When boiled with acid or 
hydrolyzed by an enzyme contained in the plant, it gives glucose and 
indoxyl 



C'O C B H U B r > ~C*OH 

I + "aO = + C (! Hi 2 O(j 

CH Q'H 

Indican Indoxyl 

The colourless indoxyl can be oxidized cither aitificially or by an 
oxidase contained in the plant to a blue product, mdigolin or indigo 




Indoxyl Indoxyl Indigo' 
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CHAPTER X 

THE PLANT BASES 

THERE are present in plants a number of substances which form 
group, and which may be termed nitrogen bases, or natural base 
These substances are of various constitution but they have the proper 
in common of forming salts with acids by virtue of the presence 
primary, secondary, or tertiary amine groupings Such groupings conf 
a basic property upon a compound and, as a result, salts are formi 
with acids on analogy with the formation of ammonium salts 

NHj+HCI = 1X1^01(^.5 HCl) 

CH 3 NH 2 + HCI = CH 3 NH 2 HCl 
methylaname 

(CH 3 ) 2 NH + HCl = (CH 3 ) 2 NH ' HCl 
dimethylanune 

(CH 8 ), N + HCi = (CH 3 ) 3 N HCl 
tnm.ethyla.mine 

The hydrogen atoms of ammonia can also be icplaccd by groups 
greatei complexity, as will be seen below. 

Complex ring compounds in which nitrogen forms part of thu ri) 
are termed heterocyclic, such as the alkaloids, purines and some amm< 
for instance pyrrolidme (see below) 

The plant bases can be conveniently classified into four groups a: 
this is also to a large extent a natural grouping. They are 

1 Amines ) 

2 Betamesl Ampler natural bases. 

3 Alkaloids 

4. Punne bases. 

The first two groups have been termed the simpler natural bas 
They are much more widely distributed in the vegetable kingdom th 
1 the alkaloids and purins, since they have probably much more significar 
in general metabolism The isolation of the simpler bases is a matter 
much greater difficulty than that of the alkaloids, the former are solul 
in water but insoluble m ether and chloroform, and so are not read 
separated from other substances The alkaloids, however, occur in 1 
plant as salts of acids and if the plant material is made alkaline the fi 
bases can be extracted with ether or chloroform 
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The betames aie ammo-acids in which the nitrogen atom is com- 
pletely methylated, and, with one or two exceptions, this grouping does 
not occur m the true alkaloids The betames have only feebly basic 
properties. 

The alkaloids, m contrast to the simpler natural bases, are rather 
restricted in their distribution, many being limited to a few closely 
related species or even bo one species 

The punno bases are a small grqup of substances intimately related 
to each other and to uric acid 

AMINES 

Methylamme, GH, . NH 2 , occurs in the Annual and Perennial Dog's 
Mercury (Mercunahs annua and M perennis) and in the root of the 
Sweet Flag (Acorus Calamus) 

Trimethylamine, (CH,) N, occuis in leaves of the Stinking Goose- 
foot (Chenopodium Vulvanci), in flowers of the Hawthorn (Crataeyus 
Oxyacantha) and Mountain Ash (Pyrus Aucuparia), and in seeds of 
Merounalis annua 

Putreseme, NH 2 (CH 2 ) 4 NH a , occurs in the Thorn Apple (Datma) 
and tetramethylputroscme in a species of Henbane (Hyoscyamua 
muticus) 

Hordenine occurs in germinating Barley grains It is represented 
as 

HO<^ y>CH 2 CH 2 - N(OH,) a 

Pyrrolidme is said to occur in small quantities in leaves of the 
Carrot (Daucus Oarota) and Tobacco (Niootiana) leaves It is repre- 
sented as 

CH a - CH 2 
CH OH.) 



Other amines occur among the lower plants (Fungi). 

Clioline is sometimes classified with the betames. It is however 
intimately connected with the phosphatides (compounds of the fatty 
acids with phosphoric acid and nitrogen) which is not the case with the 
betames. It may be represented as: 

OH 
(CH 8 ) 3: N< 

N CH 2 CH 2 OH 
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Cholme is very widely distributed m plants It is a constituent of the 
phosphatide, lecithin, and is probably thereby a constituent of all living 
cells. It has been found m seeds of the Bean (Vicia Faba), Pea (Pisum 
sativum), Strophanthus, Oat (Avena sativa), Cotton (Crossypimn her- 
baceum), Beech (Fagus sylvatica), Fenugreek (Tngonella Foeuum- 
c/raecum) and Hemp (Oannabis sativa) in seedlings of Lupins, Soy 
beans, Barley and Wheat in Potatoes and Dahlia tubers and in the 
subterranean paits of Cabbage (Brassica, napus), Artichoke (Hehanthus 
tubetosus), Soorzonera hispamca, Chicory (Cichorium Intybus), Celery 
(Apium graveolens) and Carrot (Daucus Garota) aenal parts of Meadow 
Sage (Salvia pratensis) and Betony (Betomca officinalis), and many 
other tissues It can only be isolated in very small quantity 

BETAINES 

The betaines, as previously stated, are ammo-acids in which the 
nitrogen atom is completely methylated Most betaines crystallize with 
one molecule of water, thus betame itself in this condition probably has 
the following constitution, from which its relationship to glycine or 
armnoacetic acid is indicated 

OH 

(CH,))^ N<^ H 2 N*CH a COOH 

X CH 2 COOH 

Betame 01 hydroxytnrn ethyl- Aiiinioacotio acid 

amuiocacetic acid 

When dried above 100 C , the betaines lose water and are leprusented 
as cyclic anhydrides, thus betame becomes 

(CH S ) S N CO 

\OH/ 

The individual betaines, probably on account of their close connexion 
with proteins, are more widely distributee! than the individual alkaloids. 
Further investigation may show an even more general distribution of 
betaines. 

Betame or tnmethylglycine occurs in all species of Cheuopodmcoao 
so far examined including the sugar Beet (Beta vulgaris) from which it 
derives its name, in some genera only of the Amarantacoae ; in the "Tea 
Plant " (Lycmm barbarum) in seeds of Cotton ( (Jossypiwrn herbaoeum), 
Sunflower (Hehanthus annuus) and Oat (Avena sativa) m tubers of 
Artichoke (Hehanthus tvberosus), shoots of Bamboo (Bambusa), leaves 
of Tobacco (Nicotiana Tabacwn) and in malt and wheat germs. 
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SI 

Stachydrine, though a betame, is included by most writers among 
the alkaloids, and this classification has been followed here (see p. 161), 
it is probably a derivative of proline (see p. 121). 

Betomeme, C 7 Hi,O a N, is also, like stachydrme, found in the Betony 
(Betomca officinahs) It is a derivative of oxyprolme 

Hypaphorme or trimethyltryptophane, C 14 H 18 2 N 2 , occurs in the 
seeds of a tree, Erytlinna Hypaphorus, which is grown for shade in 
Coffee plantations 

Trigonelline, like stachydrme, is usually classed with the alkaloids 
(see p 160) but it should probably be included among the betames on 
account both of its structure and of its wide distribution 

Other betames, trimethylhistidine, ergothioneme, occur in the 
Fungi 

ALKALOIDS 

The plant alkaloids, so-called because of their basic properties, have 
attracted considerable attention on account both of their medicinal 
properties and, in many cases, their intensely poisonous character They 
were also the plant bases' to be first investigated. As previously men- 
tioned they arc not widely distributed, some being, as far as is known, 
restricted to one genus, or even species. Moreover, several closely 
related alkaloids are frequently found in the same plant. The orders in 
which they largely occur are the Apocynaccae, Leguomiosae, Papa- 
veraceao, Ranunculi aceae, Rubiaceae and Solanaceae. 

The alkaloids may be present in solution in the cell-sap in the 
young tissues, but m older and dead tissues they may occur in the solid 
state , they may be found throughout the plant or more abundantly in 
the seed, fruit, root or bark (quinine) 

The alkaloids are, as a rule, insoluble in water, but soluble m such 
reagents as alcohol, ether, chloroform, etc. The majority are crystalline 
solids which are not volatile without decomposition, but a few, for 
example conunc, nicotine, which contain no oxygen, are volatile liquids 

The alkaloids occur in the plant as a rule as salts of various organic 
acids, such as malic, citric, succmic and oxalic, and sometimes with a-n 
acid peculiar to the alkaloid with which it is united (e.g. quinic acid m 
quinine and meconic acid in opium). Artificial salts, i.e. sulphates, 
chlorides and nitrates, are easily prepared and are readily soluble in 
water, and from those solutions the free base is precipitated again on 
addition of alkali 
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The alkaloids themselves belong to various classes of compounds, 
though the basic character always preponderates. Thus, for example, 
piperme is an amide and can be hydrolyzed into the base piperidme 
and piperic acid atropine is an ester made up of the base tropme and 
tropic acid 

Various methods are employed for the extraction of alkaloids but 
the exact course of events depends on the alkaloid in question. On the 
whole the method is either to treat the plant material with alkali and 
then extract the fiee alkaloid with ether or chloroform, and finally purify 
by making a salt again , or to extract the alkaloid from the plant with 
dilute acid, set free the insoluble, or difficultly soluble, base with alkali, 
and then prepare a salt of the base 

Though individual alkaloids have distinctive reactions, the group as 
a whole has certain reactions in common, namely the precipitation by 
the so-called " alkaloidal reagents " These reagents are tannic, phospho- 
tungstic, phosphomolybdic and picric acids, also potassumi-inercurio- 
lodide solution and iodine in potassium iodide solution 

JSxpt 151 General leactions of alkaloids Make a 05 % solution of quinine 
sulphate in warm water and add a few drops of each, of the following reagents 

(a) Tannic acid solution A white precipitate is formed 

(6) Mercuric iodide in potassium iodide solution [Brucke's reagent 50 gins of 
potassium iodide in 500 c c water are saturated with mercuric iodide (ISOgma ) and 
made up to 1 litre] A white precipitate is formed 

(c) Phosphotuugstic acid (50 gms of phosphotungstic acid and 30 c.c. of cone sul- 
phuric acid are dissolved in water and made up to a litre) A white precipitate is formed 

(d) Iodine in potassium iodide solution A brown precipitate is formed. 

(e) Picric acid solution A yellow precipitate is formed 

Expt 152. Extraction of the ft ee base from ymmne sulphate Add strong sodium 
caihonate solution drop "by drop to some of the quinine sulphate solution until a 
white precipitate of quinine is formed Then add ether and shako up in a separating 
funnel The precipitate will disappear a the quinine passea into solution in the other. 
Separate off the ethereal solution and let it evaporate ui a nhallow dish The quinine 
is deposited Take up the quinine again in dilute sulphuric acid and tost the solution 
with the alkaloidal reagents 

The alkaloids are classified into five groups according to the nucleus 
which constitutes the mam structure of the molecule. These five groups 
are 

1 The pyndme group 

2 The pyrrobdme group. 
3. The tropane group, 

4 The quinolme group. 

5 The isoqumohne group. 
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\ N / 

Pyrrole 



Tropane 



Qumolme 




Isoquinolme 



V 

Pynmidme 



Immazole 



NT 

Purine 



1. The pyridine alkaloids 

These aie, as the name implies, derivatives of pyridine. (Pyridine 
is a colourless liquid which boils at 115G It is a strong base and 
forms salts with acids ) 



CH 



CH CH 
CH CH 



N 
Pyridine 

The more important members of this group are, arecolme, comme, 
nicotine, pipeline and trigonelline. 

Arecolme occurs m the " Betel Nut " which is the fruit of the Areca 
Palm. (Areca, Catechu). 

Coniine occurs in all parts of the Hemlock (Oonium maculatum), 
but more especially in the seed. 

Nicotine occurs in the leaves of the Tobacco plant (Nicotiana 
Tabacum). It is a colourless oily liquid which is intensely poisonous, 
Its constitution may bo represented as . 

CH GHg GHij 



CH C CH CH 2 

I II \/ 
CH CH N 

\/ I 



It is readily soluble in water and organic solvents. 
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Expt 153 Extraction and reactions of nicotine Weigh out 100 gms of plug 
tobacco and boil up the compressed loaves with water in an evaporating dish or in a 
saucepan Filter off the extract and concentrate on awatei-bath The concentrated 
solution is made alkaline with' lime and distilled from a round-bottomed flask fitted 
with a condenser, the flask being heated on a .sand-bath The distillate has an un- 
pleasant smell and contains nicotine m solution Test the solution with the alkaloidal 
reagents employed in Expt 151 A precipitate will be obtained in each case 

The nicotine can be obtained from solution in the following way. Acidify the 
aqueous distillate with oxalic acid and concentrate on a water-bath Make the con- 
centrated solution alkaline with caustic soda, pour into a separating funnel and shake 
up with ethei. Separate the ethereal extract and distil off the cthei The nicotine 
is left behind as an. oily liquid which oxidizes in an and turns brown The alkaloidal 
tests should be made again with the extracted nicotine 

Pipeline occurs m various species of Pepper (Piper nigrum) The 
fruit, which is gathered before it is ripe and dried, yields a black 
pepper, but if the cuticle is first removed by maceration, a white pepper, 
Piperme is a white solid which is almost insoluble in water but soluble 
in ether and alcohol 

Expt 154, Extraction and reactions of pipei me Weigh out 100 gms of black 
pepper. Put it into an evapoiating dish, cover well with lime-water and heat with 
constant stirring for 15-20 minutes Then evapoiate the mixture completely to 
dryness on a water-bath Grind up the residue in a mortar, put it into a thimble 
and extract with ether in a Soxhlet Distil off the ether and take up tho residue in 
hot alcohol from which the pipeline will crystallize out With an alcoholic solution 
make the following tests 

(a) Add the alkaloidal reagents mentioned in Expt 151 and note that a pre- 
cipitate is formed m each case 

(&) Pour a little of the solution into water and note that the pipormo is pre- 
cipitated as a white precipitate 

(c 1 ) To a little solid piperme in a white dish add some concentrated sulphuric 
acid It dissolves to form a deep red solution 

Trigonelline occurs in the seeds of the Fenugreek (Triyonella 
Foenum-graecum), Pea (Pisum sativum), Bean (Phaseolus vulgaris), 
Strophanthus hispidus, Hemp (Gannabis sativa) and Oat (Avena sativa). 
It is also found m the Coffee Bean (Ooffea arabica) , in tubers of 
Stachys tubemfera, Potato and Dahlia and in roots ofScorzonera Impanica,. 
It is really a betame (see p 157). 

2. The pyrrotidine alkaloids. 

These are derivatives of pyrrohdine, of which the mother substance 
is pyrrole. (Pyrrolidme is a liquid boiling at 91 C. It is a strong base 
and forms stable salts with acids.) 
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CH CH CH 2 CH 2 

CH CH CH 9 CH 

V \ / ' 

NH NH 

Pyrrole Pyrrolidine 

These alkaloids form a small group containing 

Hygrme and cuskhygrme which occur in Coca leaves (Erythroscylon 
Coca,) 

Stachydrme which occurs in tubers of Stachys tubenfera and leaves 
of the Orange Tree (Oitrus Aurantium) and in various other plants 
(Betonioa) The formula is 

CH 2 CH 2 

CO CH CHo * 

O N(CH 3 ) 2 

from which it is seen that it is really a betaine (see p 157) 

3, The tropane alkaloids, 

These are derivatives of tropane, which may be regarded as formed 
from condensed pipendme and pyrrolidme groupings. (Tropane is a 

liquid boiling at 167 C) 

CH 

/ \ 

GH<j CHo 

I i " 

CH CH 

\/ 

NCH 3 

CH a CH 2 

Tropano 

The alkaloids in this group arc limited to four natural orders and 
are as follows . 

Solanaocae. Atropine occurs in the root and other parts of the 
Deadly Nightshade (Atropa Belladonna), the Thorn Apple (Datura 
Stramonium) and ticopolia japonica. Atropine may be represented as 

CH O CO CH CH 2 OH 

/ \ I 

CH a CH 2 C 8 H B 

I I 

CH CH 

\/ 

NCH;, 

CH~~ -CH 
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Hyoseyamme occurs in the Henbane (Hyoscyamus mger), H. 
mutious and also in the Mandrake (Mandragora) 

Erythroxylaceae Cocaine and tropaeocaine occm in Coca leaves 
(Erythroooylon Coca) together with smaller quantities of allied alkaloids. 
Cocaine has the formula 

H OCOC () H 5 
\/ 

c 

/\ 

CHo CHCOOCHg 

I " I 
CH CH 

\ / 
NCH 3 

i 

CH 2 CH 2 

Punicaceae Pelletierine and other allied alkaloids occur in the root 
and stem of the Pomegranate Tree (Punica Granatum) 

Legunimosae Sparteine occurs in the Broom (Spartium scoparium): 
lupmine in the yellow and black Lupins (Lupinus luteus and L. mger) 
and cytisme in the Laburnum (Gytisus Laburnum) 

4 The quinohne alkaloids 

These are denvatives of qumolme. (Quinohne is a colourless liquid 
which boils at 239 C ) Its constitution is 

CH CH 

^ V \ 

CH C CH 

I II I 

CH C CH 



CH N 
Quinolme 

These alkaloids form two natural groups, (a) the cinchona alkaloids, 
i e quinine, cinchonine and allied forms, and (6) the strychnine alkaloids, 
i.e. strychnine and brucme. 

Quinine occurs in the bark of various species of the genus Cinchona 
(Rubiaceae) which are trees, originally natives of S America, but now 
cultivated on a large scale in Ceylon, Java and India The species 
employed are G Cahsaya, Ledgeriana, officmalis, succirubra. The yellow 
bark ofGalisaya has the highest percentage, i e. 12 / , of alkaloid. 

Quinine is a white solid which crystallizes in long needles containing 
water of crystallization. It is very slightly soluble in cold water, more 
BO in hot but readily soluble in alcohol, ether and chloroform. With 
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acids it forms salts, which are soluble in water, the sulphate being 
commonly employed in medicine Quinine is said to have the following 
constitution 

C 10 H 1B (OH)N 



OCH, 



Easpt 155 Exti action and reactions of quinine Mix 20 gins of quicklime with 
200 c c of water in a basin and then add 100 gins of powdered Cinchona baik. Stir 
together well and then dry tlie mixture thoroughly on a watei-lbath, taking care to 
powder the lumps The dried mixture i>s then extracted in a Soxhlet apparatus with 
chloroform The chloroform extract is then shaken up in a separating funnel with 
25 c c of dilute sulphuric acid The chloroform layer is run off and again extracted 
with water. The sulphuric acid and water extracts are mixed together and neutralized 
with ammonia The liquid is evaporated on a water hath until crystals of quinine 
sulphate begin to separate out With fcho quinine sulphate the following tests should 
be made (It is better to use a solution of the hydrochloride prepared by adding a 
few drops of hydrochloiit, acid to the sulphate solution) 

(a) Test with the alkaloiclal reagents of Expt 151 

(6) Add to a little of the solution some bromine watei and then some ammoma 
A green precipitate is formed which gives a green solution with excess of ammonia 

(o) Dissolve a little of the solid qumme sulphate in acetic acid and pour into a 
large volume of water A blue opalescence is produced which is characteristic of 
quinine 

Cinchonme occurs together with quinine in Cinchona bark It is 
very similar in constitution to quinine, the latter being methoxy- 
cmchonine 

Strychnine and brucme occur in the seeds of Nux Vomica (Strych- 
nos Nux-vomica) and St Ignatius' Bean (8. Ignatii). 

Expt 156 Tests for strychnine. Add a little concentrated sulphuric acid to a 
small quantity of strychnine 'in an evaporating dish and then add a small amount 
of powdered potassium bichromate A violet coloration is produced which changes 
to red and finally yollow. 

Curarine, the South American Indian Arrow poison, occurs m 
several species of Stryohnos ($ toxifera and others). 

5. The isoquinoline alkaloids. 

These can be divided into two groups' (a) the opium alkaloids and 
(6) the berberme alkaloids " !./t* 

The opium alkaloids again fall into two classes: (1) the papaverine 
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group which includes papaverme, laudanosme, narceme, nareotme 
and others, and (2) the morphine group including morphine, apomor- 
pliine, codeine, thebame and others 

Opium is the dried latex obtained by making incisions in the cap- 
sules of the Opium Poppy (Papaver sommferum) 

Allied to the papaverme group is hydrastme which occurs in the 
root of Hydrastis canadensis (Ranunculaceae) 

The constitution of all these alkaloids is very complex 



Eocpt 157 Tests for 

(a) Add a little ferric chloride solution to a solution of a morphine salt. A deep 
blue coloration is formed 

(6) Dissolve some morphine in concentrated sulphuric acid and then after 
standing about 15 hrs acid concentrated nitric acid A deep blue-violet colour is 
produced which afterwards changes to led 

Berberme occurs in the root of the Barberry (Berberis vulgaris) and 
is also found in isolated genera in Anonaceae, Memspermaceae, Papa- 
veraceae, Ranunculaceae and Rutaceae 

Corydalme occurs in Corydahs cava (Fumariacoae) 

Many other alkaloid substances have been isolated from a large 
number of different plants, but since the constitution of most of them 
is unknown, they have not been classified 



PURINE BASES 

These substances, as indicated, have a heterocyclic ring structure- 
and are derivatives of purme. the atoms of the ring are numbered in 
the order indicated below 

N=CH 

| | 1 N 

HC C NH | ] 

V^ '-iQ B C 7 N V 

CH | || \ 

^ 'N - J c N' 

N C N 
Puime 

Purme itself is a crystalline basic compound (m. p. 211-212 0.) 
which forms salts with acids It is composed of two rings, the pyrimi- 
dine and the immazole the latter grouping also occurs m histidine 
(see p. 121) 
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The chief purme bases which occur in plants are xanthine, caffeine, 
theobromme, guanme, hypoxanthme and adenine 

Xanthine may be regarded as 2, 6-dioxypurme 

HN C O 

I 
O=C C NH 

\ 
CH 

HN C N 

It is widely distributed m plants and has been found 111 leaves of the 
Tea plant (Thea sinensis), m the sap of the Beetroot (Beta) and in various 
seedlings 

Caffeine or theme is 1, 3, 7-trnnethylxanthine 

CH, N 0=0 

1 I 
O=C C N-CH 3 

\ 
CH 

CH 3 N C N 

It occurs m the leaves and beans of the Coffee plant (Goffea arafaca), 
in leaves of the Tea plant ( Thea sinensis), m leaves of Ilex paraguensis 
("Paraguay Tea"), in the fruit of Paulhnia Gupana and in Kola nuts 
(Cola acuminata) 

JSxpt 158 Preparation of oaf eine from tea* Digest 100 gms of tea with 500 c c 
of boiling water for a quarter of an hoxir. Then filter through thin cloth or fine 
muslin using a hot-water filter m order to keep the liquid hot Wash the residue 
with a further 250 c c of boiling water Add to the filtrate a solution of basic lead 
acetate until no more precipitate is formed. This removes proteins and tannins 
Filter hot and to the boiling filtrate add dilute sulphuric acid until the lead is pre- 
cipitated as sulphate. Filter from the lead sulphate, and concentrate the solution, 
with the addition of animal charcoal, to 250-300 c c Filter and extract the filtrate 
three times with small quantities (50 c c.) of chloroform. Distil off the chloroform 
on a water-bath, and dissolve the residue in a small quantity of hot water On 
allowing the solution to evaporate very slowly, long silky needles of caffeine separate, 
which may have a slightly yellow tint, in which case they should be drained, re- 
dissolvod in water, and boiled with the addition of animal charcoal The yield 
should be about 1 '5 grn. 

Evaporate a little of the caffeine on a water-bath with bromine water A reddish- 
brown residue is left which becomes purple when treated with ammonia 

1 From Conen, Practical Oigamc Chemistry 
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Theobromine is 3, 7-dimethylxanthme 

HN c=o 

I I 

O=C C N CH 3 

\ 
CH 

CH 3 N C N 

It occurs in the fruit of the Cocoa plant (Theobroma Cacao), r 
leaves of the Tea plant (Thea sinensis) and in the Kola nut (Col* 
acummata). 

Guanme and hypoxanthine can be represented respectively a 
2-amino, 6-oxypurme and 6-monoxypunne. 

m c=o HN c=o 

H 2 N C C NH HC C NH 

\ \ 

CH I CH 

.N C N N C N 

Guanine Hypoxanthine 

They usually occur together and have been found in the germinatin 
seeds of the Sycamore (Acer pseudoplatanus), Pumpkin (Cucurbit 
Pepo), Common Vetch (Vicia satwa), Meadow Clover (Tnfoliu 1 
pratense), yellow liupm (Lupinus luteus) and Barley (Hordeum vulgare 
also in the juice of the Beet (Beta), 

Adenine is 6-ammopurme. It is represented as 

N=C NHo 



HC C NH 
\ 



CH 



N C N 



It has been found in Beet (Seta), Tea leaves (Theu sinensis) and 
leaves of the Dutch Clover (Tnfolium repens). 

Guanine, hypoxanthine and adenine are all obtained by the hyclr 
lysis of plant nucleoproteins, 
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Dandelion, 58, 60, 95, ION 
Date-palm, 59, 60 
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Dextrin, 41, 56, 57, (>9, 70, 73 
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Digitalm, 144 
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Disacchandes, 41, 51 
Dispersed phase, 11, 14 
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Ernulsoids, 11 

Enolicfoim, 72 

Enzymes, 7, 17 

- classification of, 19, 20 

- hydiolysis by, 8, 17 

- synthesis by, 8, 19 
Eiepsm, 20, 137 
Ergothioneme, 157 

Erie a cinerea, 94 
Ericaceae, 88, 144, 151 
Eruoic acid, 79 
EivumLens, 124, 126, 138 



Erythroxylaceae, 162 
En/throaiylon Coon, 161, 162 
Esbach's solution, 124 
Essential oils, 2 



Ethylene senes, 82 
Eucalyptus, 91 
Euler, 24 
Euphoibift, 62 
" " 1 ' 80, 115 

, 115, 116 
Ewait, 115 
Excelsm, 126, 135 



Fagui, 
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var 
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Pats, 1, 79 

- tests for, 81 
Fatty acids, 79 

- - synthesis of, 85 
Fehling's test, 49 

71 ..... '- "" 160 

sol, 12 
Fibim, 139 

- carmine, 140 
Fichtenholz, 151, 153 
Ftcus, 139 

Fig, 139 
Fischer, 92, 115 
Fisetin, 97, 105 
Flavone pigments, 87, 93, 104 
Flavonol pigments?- 87, 93, 104 
Flax, 62, G7, 80, 125, 127, 147, 148 
Flowering Currant, 93 
Foiget-mo-not, 108 
Formaldehyde, 26, 27, 36, 38 
Fiaxetin, 144 
Fiaxm, 144 
Fraxmus, 144 

- escelsim , 81 
TP . 1 . , .,, 0j ug 

i , 59, 69 

Fructose (see Laevulose) 
Fumanaceae, 164 
Fungi, 20, 113, 155, 157 
fluidta sinensw, 74 
Fuiiural, 44, 67 

- phloroglucide, 55, 64 

Gadlardia, 101 

Galactans, 41, 49, 60, 61, 09 

Galactoarabun, 60, 69 

Galactomannan, 59, 60, 69 

Qalactose, 41, 47, 49, 50, 60, 61, 62, 63, 344 

Galactoxylan, 60, 69 

Galanthus, 56 

- ninalm, 70, 95 
Galeopsis, 33 

- Tetrahit, 32 
Gallic acid, 89, 90 
Gall-nuts, 89 
Gallotannio acid, 92 
Galls, 91 

- Oak, 92 
Garden Cress, 80 
Gaulthena, 144 
Gaulthenn, 144 

Gelatine, 13 

Gels, 13, 63 
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Genista tinctoria, 96 

Ghadin, 118, 127, 130 

Globulins, 118, 124 

Gluoomaunania, 59, 69 

Glucose, 41, 45, 46, 56, 62, 70, 73, 142 

a and |3, 48 

tests for, 48 

Glucosides, 48, 72, 87, 91, 142 

a and j8, 48, 143 

coumarm, 150 

eyanophonc, 145 

mustard-oil, 149 

Glucotropaeohn, 144 
Glutamme, 136 
Glutammic acid, 120, 136 
Glutehns, 118, 127, 130 
Gluten, 131 

Glutenin, 130 
Glycena aquatica, 146 
Glyceiol, 79, 82, 83 
Glycme, 120, 156 
Glycine lii^pula, 120 
Glycmm, 120 
Glycogen, 21 
Glycogeuase, 21, 2 A 
Glyoxyhc leaction, 122 
Gold sol, 12, 16 
Goodemaeeae, 58 
GooseLerrj, 63, 65, 14(> 
Gooseioot, 136 

Stinking, 153 

Gosney, 86 
Gossiipium, 53,81, 144 

herbaieum, 65, 81, 127, 135, 156 

Goutweed, 95 

Giaham, 13 

Giarmnaceae, 80, 130, 145, 150 

Grape, 102 

sngai (see Glucose) 

Gieat Millet, 148 
Gieengage, 112 
Greslioft, 145, 153 
Guaiaeol, 68 
Gnatacomc acid, 107 
Guaiacum gum, 107 
Quaiacum ojficmale, 107 

sanctum, 107 

Guamne, 166 
Guignard, 149, 153 
Gulose, 46 

Gum Aiabic, 12, 43, 53, 61 
Gum Tragacantla, 61 
Gums, 41, 49, 60 
Gun-cotton, 66 
Guttiferae, 150 

Haas, 9 

Harden, 22, 23, 24, 25 

Harris, 134, 141 

Hatsehek, 16 

Hawthorn, 95, 96, 108, 146, 155 

Haynes, 63, 78 

Hazel, 80 

-nut, 126 



Hazel, red-leaved, 100 
Hedge Woundwort, 32 
Hehanthus, 60, 75, 136 

annuus, 55, 74, 81, 127, 135, 

156 

tubeiosus, 58, 59, 74, 136, 156 

Helleboius mget, 108 

Heine 1 ) ocalht, fulva, 74 
Hemi-cellulose, 60, 69 
Hemlock, 159 
Hemp, 67, 80, 125, 126, 156, 160 

seed, 134, 139 

Hemp nettle, 32 
Henbane, 155, 162 
Henry, 24, 25, 153, 167 
Heiacleum, 33 

Sphondyhum, 32 

Hespendm, 144 
Hespentm, 144 

Hexoses, 41, 46 

Hill, 9 

Histidme, 121, 137 

tnmethy], 157 

Hollyhock, 62, 102 
Hop, 74 

Hopkins, 122 

Hoidein, 127, 131 

Hoidemne, 155 

lloideum vulgare, 57, 74, 113, 124, 127, 131, 

166 

Horse Chestnut, 92, 93, 112, 136, 160 
Hoise-radish, 109, 110, 149 
Horsfall, 96, 116 
Horton, 145, 153 
Hummel, 96, 97, 116 
Humuhib Lupulus, 74 
Hyacinth, 138, 139 
Hyacintlms, 55, 58 

oriental^*, 138 

Hydiastme, 164 

Mydi astis canadensis, f 6^t 
Hy drachm ii> Morsus-ranae, 74 
Hydroctmnone, 87, 88, 144, 151 
Hygrine, 161 

Hymenophyllum deimsium, 74 
Hyoscyamme, 162 
Hi/of,<!ijamii8 mutious, 155, W"2 

mger, 162 

Hypaphorme, 157 
Hypoxanthme, 166 

Idaein, 102 

Idose, 46 

Ilex paraguensis, 165 

Immazole, 159, 164 

Indican, 115, 144, 152 

Indigo, 113, 115, 152 

plants, 152 

Indigofeia, 113, 144 

Ami, 152 

erecta, 152 

sumati ana, 152 

tmctona, 152 

Indol, 68 
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Indoxyl, 115, 144, 152 
Inulase, 20, 58 
Inulin, 41, SO, 58 

- tests for, 59 
Invertase, 20, 21, 24, 50, 76 
Invert sugar, 50 

Ins, 55, 58 
Iivme, 71, 76, 78 
Isatis tmctona, 113, 152 
Isochlorophyllms, 30 
Isoleucme, 120, 136 
Isolmolemc acid, 80 
Iso-oleic acid, 79 
Isoquercitun, 144 
Isoqumolme, 159 
Isothiocyanate, acnnyl, 144 

- allyl, 144, 149 

- benzyl, 144 

- >-hydroxybenzyl, 149 

Jacolnma, 113 
Japanese lacquer, 113 
Jasminum, 143 
Jerusalem Artichoke, 58 
Joigensen, 27, 36, 40 
Juglandaceae, 80 
Juglans cmerea, 126 

- nig? a, 126 

- regia, 80, 92, 126 
Juglansm, 126 

Jute, 67 

Kaempferol, 97, 105, 144 

Kastle, 76, 78 

Keeble, 115 

Keracyanm, 102 

Kidd, 27, 36, 40 

Kidney Bean, 60, 124, 126, 133, 134, 136, 

160 

Kishida, 93, 116 
Kola nut, 165, 166 

Labiatae, 108 
Laburnum, 162 
Laccases, 112 
7-Lactone, 47 
Laevulose, 41, 50, 58, 70 

- tests for, 51 
Lamtum album, 108 
Lax oh, 92 
Lai ix europaea, 92 
Larkspur, 97, 100, 102 
Latex, 11 
Lathyi us odoi aius, 74 



Launc acid, 79, 80 
Laurocerasm (see Prulaurasin) 
Leathes, 86 

Leoythidaceae, 81, 83, 150 
Legranelm, 124, 134 
Legumm, 125, 126, 133 
Legummosae, 59, 74, 125, 133, 145, 150, 
157, 162 



Lemon, 2 

Lentil, 124, 126, 133, 134 

Lepidium, 144 

sativum, 80 

Leucme, 120, 136 
Leucosin, 23, 124, 130 
Lignm, 65, 67, 68 
Ligno-celluloses, 65, 67 
Lignon (see Ligmn) 
Liqustium, 143 
Lilac, 65, 95 
Lihaceae, 150 
LiUum bulb if et urn, 60 

candidum, 60, 95 

Martagon, 60 

Lily, 60 

White, 95 

Lima-bean, 126 
Limonene, 2 
Linaeeae, 80, 145 
Lmainarm, 143, 148 
Ling, 94, 96 
Lmolenio acid, 80 
Lmohc acid, 80 f 

Linseed, 62, 81, 125, 135 
Linunt, 62, 143, 148 

pei emu, 147 

untatissimum, 67, 80, 81, 125, 127, 

135 

Lipase, 20, 84 
Lobehaceae, 58 
Logamaceae, 150 
Lotase, 148 
Lotoflavm, 144, 148 
Lotus, 144 

arabicus, 148 

cormculatw, 74, 146, 147 

uhgmosus, 146 

Lotusra, 144, 148 
Lubrzynska, 86 
Lucerne, 65 

Lupin, 60, 126, 133, 136, 138, 139, 156, 162, 

166 

Lupmme, 162 
Lupmus, 60, 74,, 126, 136, 137 

allms, 137 

hiisutus, 138 

luteus, 133, 137, 162, 166 

mger, 162 

Luteohn, 96, 105 
Lycimi barbarum, 156 
Lycopersicum esculentum, 138 
Lysine, 121, 137 

Lyxose, 43 

Mackenzie, 77 

Magnoliaceae, 150 

Maize, 80, 126, 127, 132, 138, 139 

cobs, 53 

Malhson, 116, 117 
Mallow, 102 
Malt, 76 

Maltase, 19, 20, 21, 22, 41, 76 
Maltose, 19, 51, 56, 57, 69, 70, 73, 75 
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Maltose, tests foi, 52 

Ulalva, 144 \ 

sylvestns, 102 

Malvaceae, 81 

Malvidm, 102, 144 

Malvm, 102, 144 

Mandelonitnle glucoside (see Prunasm) 

Mandragora, 162 

Mandrake, 162 

Mangold, 70, 71, 72, 75 

Mangrove, 91 

Mannans, 41, 50, 59, 69 

Mannocelluloses, 59 

Mannose, 41, 46, 50, 59, 62, 144 

Martm, 117 

Matthiola, 95, 108 

Maxwell, 60, 78 

Maysin, 126 

Meado\v-Bue, 146 

-Sage, 156 

-Sweet, 88, 152 

Medicago saliva, 65 
Mekocyanm, 102 
Melon, 138, 189 
Mendel, 128, 140 
Memspermaceae, 164 
Menthol, 2 
Mercerised cotton, 66 
Mercuiiahs annua, 113, 155 

perenms, 113, 155 

Metapiotems, 118, 127 

reactions of, 128 

Methylamme, 155 

Methylene blue, 23 

Methyl salicylate, 144 

Mieg, 117 

Mignonette, 96 

Milk, 11 

Miller, 86 

Millon's reaction, 122 

Mirande, 146, 153 

Mistletoe, 62 

Mohsch's leacfcton, 123 

Monocotyledons, 55, 58, 70 

Monosacchandes, 41, 42 

Moore, 115 

Moore's test, 48 

Moraceae, 80 

Moiphine, 164 

Morns, 70, 73, 74, 77 

Mountain Ash, 145, 155 

Mucic acid, 49, 50, 62, 63 

Mucilagea, 41, 49, 50, 60, 62, 65 

Musa sapientutn, 138 

Muscan, 58 

Mustard, Black, 80, 149 

White, 80, 127, 149 

seed, 135, 138 

Myosotis, 108 
Mynca, 144 
Myricetin, 9T, 105, 144 
Myricitrin, 144 
Myristio acid, 79, 80 
Myrosm, 20, 142, 149 



Myrtaeeae, 145, 150 
Myrtilhdm, 102, 103 
Myrtillm, 102 

Nagai, 93, 116 

a-Naphthol tests, 44, 68, 109 
Naiceme, 164 
Naicissus, 95, 96, 106 

incompai abihs, 96 

poeticus-, 95 

Tazetta, 96 

Narcotme, 164 
Nangenin, 144 
Narmgm, 144 

Nasturtium, 55J60, 75, 101, 138 

Garden, 70, 72, 136 

Nepenthes, 139 

Nettle, 28 
Neville, 62, 78 
Newbury, 116 
Nicotiana, 155 

Tabacum, 1561 159 

Nicotine, 159, 160 

Nolan, 117 
Noms, 23, 25 
Nucleic acid, 127 
Nucleoproteins, 118, 127, 166 
Nux Vomica, 163 

Oak, 91, 93, 96 

wood, 67, 92 

Oat, 125, 126, 156, 160 
Opmdin, 102, 103, 144 
Oenm, 102, 144 
Oil Palm, 80 
Olea ewopaea, 81 
Oleaceae, 81, 145, 150 
Oleic acid, 79, 80 
Olive, 81 

oil, 81 

Omon, 59, 96, 97, 108 
Onslow, 110, 111, 115 
Opium, 164 

Poppy, 80, 164 

Oiache, 100 

Orange Tree, 161 
Orchid, 89, 113, 152 
Oichidaoeae, 60 
OieJns Moi to, 62 
Oicmol, 68 

test for pentoses, 44 

Oimerod, 86 

Oi yza satvoa, 127 

Osazones, 49 

Osborne, 130, 131, 132, 134, 135, 140 

Osmic acid, 81 

Ostwald, 13 

Oxidases, 107, 108, 151, 152 

Oxidizing enzymes, 8, 107 

Oxybenzoic acid, 144 

Oxyprolme, 157 

Paeoma, 60, 85, 144 

officinahs, 93, 99, 102, 103 
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Paeony, 60, 93, 99, 102, 103 
Palladm, 9, 114, 115 
Palm, 59, 60 

oil, 81 

Palmaceae, 80 
Palmitic acid, 79, 80 
Pansy, 96, 102 
Papam, 139 
Papaver onentale, 113 

Rhoeas, 102 

bommfeium, 80, 164 

Papaveraceae, 80, 157, 164 
Papaverme, 164 

Papaw Tiee, 139 

Parkin, 60, 70, 78 

Paisley, 95 

Passifloraceae, 145 

Paulhma Cupana, 165 

Pea, 57, 60, 72, 74, 75, 108, 122, 124, 

125, 126, 133, 134, 136, 138, 139, 156, 

160 

Peach, 80, 126, 145 
Pea-nut, 127 

Pear, 107, 110, 111, 112, 151 

Pectase, 20, 65 
Pectic substances, 41, 63, 69 
Pectin, 63, 64 
Pectinase, 20 
Pectmogen, 63, 64 
Pectocelluloses, 65, 69 
Pelargomdm, 101, 102, 105, 144 
Pelaigomn, 102, 103, 144 
Pelargonium, 144 

zonak, 93, 102, 103, 138 

Pelletierme, 162 

Pentosans, 42, 53, 54, 55, 61, 67, 69, 70 

Pentoses, 41, 42, 54, 55, 63, 64, 70 

Peomdm, 102, 144 

Peomn, 102, 144 

Pepper, 160 

Peppermint, 2 

Pepsin, 20, 128, 137 

Peptones, 118, 119, 128, 129, 137 

Perkin, 95, 96, 97, 115, 116 

Peroxidase, 20, 21, 22, 107, 108, 109 

inhibitor, 23 

Peroxides, 108 
Petunia violacaa, 102 
Petunidm, 102 
Petumn, 102 
Phaeophoibides, 34 
Phaeophytm, 31, 37, 38 
Phajus, 113, 152 
Phaselm, 124, 134 
Phaseolm, 126, 133 
Phaseolunatm, 148 
Phaseolus, 60, 136, 143 

lunatus, 126, 148 

rwtltiflorust 74, 138, 139 

radiatus, 126 

vulgai is, 124, 126, 133, 134, 137, 

160 

Phenol, 68 
Phenols, 87 



Phenylalanme, 121, 122, 137 
jp-Phenylenediamme (test for peioxidasej, 

109 

Philip, 16 
Phipps, 97, 116 
Phloretm, 144 
Phloridzm, 144 
Phloioglucm, 7, 68, 88 

(test foi pentoses), 44 

Phlox, 95 
Phoemx, 60 
Phosphatides, 155 
Phosphotungstic acid, 124, 158 
Phyllms, 30 

Phytelephas macrocaipa, 60 
Phytochlorms, 31 
Phytol, 30, 33, 38 
Phytolacca, 100 
Phytolaccaceae, 100 
Phytoihodins, 31 
Picea excelsa, 136 
Piciamic acid, 146 
Pine-apple, 139 
Pmene, 2 
Pink, 95 

Pmus sylvestru,, 136 
Pipei mqium, 160 
Pipeiaceae, 150 
Pipeudme, 161 
Pipenne, 160 
Pisum, 60, 122, 136, 137 
sativum, 57, 72, 74, 75, 108, 124, 

126, 133, 134, 138, 139, 156, 160 
Pitcher-plant, 139 
Pittosporaceae, 150 
Plantago, 144 

lanceolata, 95 

Plastid pigments, 39, 101 
Plimmei, 9 

Plum, 61, 80, 107, 126, 145 
Polarization, 47 
Polemomaceae, 150 
Polygalaceae, 150 
Polygonwn, 144 

tmctonum, 152 

Polypeptides, 118 

Polysacchandes, 41, 53 

Pomegranate Tiee, 162 

Poplar, 95, 152 

Poppy, 102 

Populm, 143 

Papulus, 74, 95, 143, 152 

Porpliyrms, 32 

Portulaca, 100 

Poitulacaceae, 100 

Potassium hydrogen sulphate, 144 

Potato, 70, 75, 110, 111, 112, 113, 114, 126, 

136, 137, 156, 160 
Priestley, 36, 40 
Pnmulaceae, 150 
Prolamins, 118, 127, 180 
Prolme, 121, 137, 157 
Proteaceae, 150 
Proteases, 23, 137 
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Proteins, 2, 12, 16, 118 

crystalline, 125, 127, 134 

of ceieals, 130 

ot fat-contammg seeds, 134 

of Legummosae, 133 

tests for, 122 

Pioteoses, 118, 128 
Piotocateelraic acid, 89, 90, 110 
Piotoplasm, 4, 8 
Piulauiasm, 144, 146 
Prunase, 145 

Piunasm, 144, 145 
Pntma, 97, 143, 144, 145 

Amygdalus, 61, 80, 126, 145 

Armemaca, 126 

Gei ais, 45, 61, 80, 102 

domei,tica, 61, 80, 126, 145 

Lauioceiasus, 145, 146 

Padus, 45, 61 

Peistca, 80, 126, 145 

Prussic acid, 24, 143, 144, 145 
Pumca Gianatum, 162 
Punicaceae, 162 

Pumpkin, 81, 166 
Puune, 159, 164 

bases, 127, 154, 164 

Purpurogallm, 110 
Putreacme, 155 
Pyndme, 159 
Pynmidine, 159, 164 
Pyrogallol, 68, 109, 110 
Pyrola, 151 

Pyrrole, 159, 161 
Pyriolidme, 155, 161 
Pyrus, 143 

Aucupana, 145, 155 

commums, 151 

Halus, 145 

Pyruvic acid, 86 

Quercetm, 96, 105, 106, 144 
Quercitrin, 144 
Quercus, 91, 96, 144 

Robur, 93 

Quinine, 158, 162 
Qumoline, 159, 162 

Radish, 127 

Eaffinose, 41 

Ranunculaceae, 145, 150, 157, 164 

Ranunculus acns, 108 

aquatilis, 136 

Eape, 80, 127 
Raphanus sativus, 127 
Easpbeiry, 65 
Bed Seaweeds, 49 
Beductase, 20, 21, 23 
Beed Poa, 146 
Beeves, 141 
Reseda luteola, 94, 96 
Beserve celluloses, 65 

materials, 9, 55, 58, 71, 80, 118 

Besorcmol, 68, 87 

Bespiration, 5, 71, 114 



Bespiration pigments, 114 
Beveisible leactions, 18 
Beynolds Green, 84, 86 
Bhamnaceae, 145, 150 
Bliamnose, 96, 144 
Rhamnus, 96 

Frcmgula, 146 

Rhizophora, 91 
Bhodophyceae, 13, 49 
Rhubaib, 63 

Rhus, 91, 97 

Got 10,1 la, 92 

Cotinus, 93 

vermcifeia, 113 

Rtbes Grossulat id, 146 

mgrum, 146 

lubrum, 146 

sanqmneum, 93 

Bibose, 43 

Bibwoit Plantain, 95 

Bice, 127 

Bicin, 124, 135 
Bicinoleic acid, 80 
Ricinus, 81, 83, 85, 136 

commums, 80, 84, 124, 125, 127, 

135, 139 

Bobertson, 71, 76, 78 
Robima, 144 
Bobmin, 144 
Rosa, 144 

galhca, 102, 104 

Bosaceae, 61, 80, 144, 145, 150 
Eose, 93, 99 

Bosemary, 2 

Bubiaceae, 60, 81, 113, 145, 157, 162 

Rwinex obtusifohus, 95 

Ruscus, 59 

Russula mgiicaiis, 113 

Ruta, 144 

Rutaceae, 145, 150, 164 

Butm, 144 

Eye, 124, 127, 132 

Sacchai amyces, 20 
St Ignatius' Bean, 163 
Sahcm, 48, 88, 143, 148, 162 
Salicylic acid, 89 

alcohol, 48, 88, 148, 152 

aldehyde, 88 

Sahgemn, 88, 143, 148, 152 
Sahx, 88, 143, 152 
Salkowski, 53, 78 
Salvia prateusis, 156 
Sambucus, 137, 144 

mgi a, 68, 95, 146 

Sambumgrm, 144, 146 
Saponana, 150 
Sapomfication, 82 
Saponins, 11, 160 
Sawdust, 45, 54 

Sawyer, 42, 55, 70, 71, 72, 76, 77 

Saxifragaceae, 145, 150 

Scarlet Geianmm, 93, 102, 103, 138 

Bunnei, 138, 139 
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fJchenclna bluinenaviana, 113 
Sohiyvei, 38, 39, 40, 63, 78 
Sohulze, 60, 78 
Schweissei's leagent, 66 
tinlla, 58, 62, 70 
(Heopolia japomca, 161 
ktcoisoneia, 143 

, 156, 160 



Strychnine, 163 
Sinjchnos Ignata, 163 

Nux-vomica, 163 
, 163 



Scotch Fir, 136 

Hccak ceieale, 124, 127, 132 

Sehwanoff B test, 51 

Serme, 120 

Shibata, 93, 116 

Silicic acid, 13 

Silvei Fii, 136 

Silver Hoi, 12, 16 

Smalbm, 144, 149 

Sinapm acid wulphate, 144, 119 

MiiiapiB alba, 80, 119 

- ntgra, 80 
Smigrin, 142, 144, 149 
Skatol, 68 
Smedloy, 86 
SnapdittROii, 95, 96, HO 
Bnowdiop, 55, 70, 95 
Soap, 11, 12, 16, 82, 83 

- tests loi, 83 

. -- woit, 150 
Sodium piciate test, 146 

Solanacoao, 157, 161 
Holanwn, 75 
- tubwosuin, 70, 113, 126 

tioiyhuiii, 143 
___ vujtiare, 148 

Soy-bean, 126, 156 

Spamnh (Swoet) Chestnut, 91, 92, 93, 126 

Bpaitraie, 162 

Hpai Lium scaparnnu, 162 
r, 11!), 153 



Spinach, 188 
13H 
144 

arni, HH, l^a 
cci Fir, JK(J 

127 

Htai'hydiint.', 1/57, 161 
Stttclnjn xi/lvtttira, 32 

tubt'iitciu, 1(50, 161 
Blarch, 12, 1(5, 5B, (59 
Holublo, 5(5, 7 1 
U'rtts fttl, fi(i 
Blt'iuic iioul, 79 
BU-igtsr, (50, 7H 
HI 

43, 1(5, 113 
Ktilw, 27, 10 
Btook, 95, 108 
Htoll, 27, 10, 110, 117 
Htmw, 4B.C8, fit, (58 
Htrawliony, (SB, 05 
Btraphantiutiin, 144 

144 
itt 144, 16(5 

100 



Substrate, 18 
Suciose, 41, 52, 70, 76 

- testa lor, 52 

Sulphm leaction (foi proteins), 123 

Sumac, 91, 92, 97 

Sunflower, 55, 75, 81, 127, 135, 136, 156 

Suspensions, 11, 12 

Suspensoids, 11 

Sweet Flag, 155 

Sycamoie, 166 

Synthesis by condensation, 3 

- ot aromatics, 6 

- of caibohydrates, 5, 26 

- of fate., 6, 85 

- ol proteins, 6, 119 
Syringa, 143 

- -- mdyaru, 65, 74, 95 
Syimgenm, 148 
Synngiu, 143 

Talose, 47 

Tannic acid, 75, 92, 123, 158 

Tannin, 73, 74, 89, 90, 111 

- - reactions ol, 91 
Taiasacwn, 60 

- qfficmale, 58, 95, 108 
Tautomerism, 48 
Tayloi, 16 
Tea, 89, 92, 166 
- plant, 165, 160 
Teasel, 113 
Tei pones, 2 

Thalictium anuilagifahum, 146 
Thaa, 144 

- smensis, 165, 166 
Thebaino, 164 
Theme (see Caffeine) 
Theobroma Cacao, 81, 166 
Theobrortune, 166 
Thorn Apple, 155, 161 
Thymo, 2 

'L'hymelacaoeao, 150 
Thymol, 6H 

Tiglic acid, 79 
Tiliaceae, 14 ~> 
Tobacco, 155, 156, 159 
Tomato, 188 
Tragaoanth, 61 
Trier, 167 
Trt folium, 59, 137 

- - oohioleitcuin, 74 

- pratew, 65, 74, 75, 166 

- repena, 166 

TngoMlla Woenuni-graecum, 156, 160 
Twgonellme, 157, 160 
Trimothylannne, 165 
Tnaaechandes, 41 
Triatoann, 82 
Tnticum, 118 
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Zollmger, 117 
Zymase, 20, 21, 22 
Zymm, 21, 22 
Zymogen, 84 



CAMBRIDGE MINTED BY 3 B PEACE, MA., AT MM UNIVEESITT 



